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Abstract 

The present study starts from the published values of the Arrhenius parameters E,  and log A of thermolysis in the condensed 
state of seven nitrosamines and one hundred organic polynitro compounds. On the basis of the linear relationship between Ea 
and log A, the set studied has been divided into several reaction series, each of which is characterized by a mechanism of 
primary thermolysis. For compounds with intense intermolecular interactions in a crystal, the classification mentioned is 
codetermined by the stabilizing effect of the crystal lattice. In the context of this effect, the absence of an effect of solid-liquid 
transition on thermal reactivity of octogen (HMX) has been confirmed. The idea also presented is that, in the primary 
homolysis in thermolyses of polynitro compounds, there takes place a mutual interaction of molecules of the given compound, 
which is analogous to termination interactions of nitroarenes in radical polymerizations. © 1997 Elsevier Science B.V. 
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1. Introduction The data on stability of the aforementioned nitrogen 
compounds, which can be characterized as 'pseudo- 

Organic polynitro compounds occupy the most stable substances' or energy-source materials, are 
important place in technological practice because of inevitably necessary to avoid undesirable decomposi- 
their unique and irreplaceable application, being tion or self-initiation during their handling, storing and 
active components (explosives and propellants) of the application itself. An important starting point in 
various categories of charges for both military and the stability evaluation is the study of thermal reac- 
industrial purposes (e.g. [ 1-4]) including exploration tivity of these compounds. These reactivity data can be 
and exploitation of space [5]. Their polynitroso ana- obtained by various methods of thermal analysis and 
logues, specially N-nitrosamines and N-nitrosamides, gasometry or by a variety of methods based on thermal 
can be made use of in the rubber and plastic technol- explosion. 
ogy as blowing agents [6,7], as medicaments in the The discrepancy in principles and physical condi- 
treatment of malign tumors (e.g. [8]) and can serve as tions of corresponding measurements, however, pre- 
a means for introducing mutation in plants (by chro- vents a uniform classification of a large majority of 
mosomal aberration), resulting in new species of results obtained in various laboratories all over the 
agricultural plants (e.g. [9]). world. This field of considerable importance involves, 
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inter alia, both theoretical and practical results isothermal and non-isothermal conditions, if there is 
obtained by Russian scientists dealing with the ther- only one factor determining the rate of the reaction 
molysis kinetics and mechanism of the polynitro and [77]. Eq. (1) could help in defining with more preci- 
polynitroso compounds, sion the term of reaction series in a proper sense [78]. 

The Russian authors have used the isothermal Four classes of the series are known [78]: isoentropic 
manometric method (e.g. [4,26,72,76]) with a glass (/3 -1 = 0), isoenthalpic (/3-1 = 0),  with compensation 
compensating manometer of the Bourdon type to (/3>0) and with anticompensation (/3<0). Validity of 
examine the kinetics of thermolysis of energetic mate- Eq. (1) is necessary but not a sufficient condition for a 
rials in vacuum; this method was called the Soviet set of reactions to form a 'series' [78]. 
Manometric Method (SMM) by Zeman in the past 
[58]. The data obtained by this method are known to 

2. Data sources 
correspond to the primary non-autocatalyzed stage of 
thermal decomposition of the given compounds, and 

2.1. Substances 
also to the absolute values of the corresponding 

Arrhenius parameters (i.e. activation energies, Ea, A survey of the polynitro and polynitroso corn- 
and logarithm of preexponential factor, log A (e.g. pounds studied and corresponding Arrhenius para- 
[18,21,47,67]). In the case of thermolysis in con- 
densed state, only the results of some methods of meters of their thermolysis are given in 1-6. 

the differential scanning calorimetry (DSC) (e.g. 2.2. Arrheniusparameters  o f  thermolysis 
[ 18,22,23,25]) are directly comparable with the results 
of SMM [10,15,17]. Results of the differential thermal 
analysis (DTA) and thermogravimetric analysis The basic data on the Arrhenius parameters of the 
(TGA) can be converted to comparable values (in non-autocatalyzed thermal decomposition in the con- 
the aforementioned sense) if a relationship exists densed state of the nitrogen compounds studied in the 
between them and the results of the SMM, as for present paper have been taken from the Russian 

authors working at the Mendeleev University of Che- 
instance, by means of a calibration curve (for DTA see mical Technology and the Institute of Chemical Phy- 
[55,56,64,80,83,86] and for TGA [63,65]). sics of the Russian Academy of Sciences, Moscow. 

From the point of view of technological practice, The parameters were obtained by the treatment of the 
the knowledgeofthethermal stability andthermolysis results from the manometric method (SMM, e.g. 
mechanisms of polynitro and polynitroso compounds [4,26,76]) applied for determining the thermolysis 
in the condensed state are the most significant. The 

kinetics of the aforementioned compounds. Another 
existing literature, however, lacks a more complete important source of data are those obtained by the 
survey of the published Arrhenius parameters of the 

DSC method by Rogers from the Los Alamos National 
monomolecular non-autocatalyzed thermal decompo- Laboratory [10,22-25]. Results of some other thermo- 
sition of these nitrogen compounds in the condensed analytical methods have also been included (see 
state classified according to the primary thermolytic 
fissions. Tables 1,2,3,4,5 and 6). Within the framework of 

the present paper, it must be added that such Arrhenius 
In the present paper, the aforementioned parameters 

have been classified on the basis of published mechan- parameters are preferred whose absolute values 
approach the real Ea and log A values of the primary 

isms of the primary steps of thermolysis and by means thermolysis processes (see also [11,66,67]). 
of the kinetic compensation effect between values Ea 
and logA [51,61,64] described by the following 
[77-80]: 3. Results and discussion 

Ea : e0 + 2.303 * R */3 * logA (1) 
When studying the interrelations of E~ and log A 

where /3 is the isokinetic temperature [78,79]. The values, we can divide the set of nitrogen compounds 
compensation effect results from the application of the studied (given in Tables 1,2,3,4,5 and 6) into several 
Arrhenius law to non-homogenous kinetics both in groups (reaction series). Each group is characterized 
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by a different form of Eq. (1). The members of these 
~ _ ,  groups and corresponding e0, /3, and r (correlation 

q" ~ ~ t"q ~ O ~ t 'q t"q ¢q 

,," coefficient) values are presented in Table 7. 
Group I in Table 7 includes N-nitrosamines. The 

7 Arrhenius parameters of  thermolysis of  the nitrosa- 
~ . . . .  ~ "~ "* ~ mines 1.1-1.5 from Table 1 correspond to the N-N  

- bond homolysis [ 10,11,91,120]. On the other hand, the 
data of  the nitrosamines 1.6 and 1.7 correlate neither 

- with the Eq. (1) form valid for group I nor with the 
relation between E,, values and oxygen balance values 

~z -- ~, - - ~. ~. ~. -. o~ ~ [91] or detonation characteristics [10] for these nitro 
~ ~ ~ :g ~ :~ ~ ~ ~ compounds, i.e. they do not correspond to the afore- 

'~ mentioned homolysis: perhaps the primary splitting in 
= ~ ~ ~ ~ ~ ~ ~ ~ ~ ~' the substances 1.6 and 1.7 starts in the nitroparaffinic 
E portions of  their molecules. 

~ ~ ~ :g ~ ~. ~. ~ ~ ~t The data of II A group of Table 7 correspond with 
-~ ~= the thermolysis of  primary nitramines in liquid phase. 
-~ ~ The respective primary thermolysis is considered to 

~" -~ -~ -~ -~ -~ -~ ,z -~ have an autoprotolytic bimolecular course [ 10]. How- . . . . .  .~ .~ ~ ~ ~  
~ ~" -6 -~ ~" ~" - ever, the values of  2.3.1 and 2.3.2 (solid-phase ther- 

molysis of  ethylenedinitramine) correspond to the N -  
"2 ~ NOz bond homolysis and, hence, do not correlate with 
~c ~ ~ the form of Eq. (1) - valid for the group 1. The 
"= ~. ~ ~ ~ w w ~ ~ ~ bimolecular course of primary thermolysis can also 

be expected in the case of  salts of  primary nitramines, 
~= i.e. substances of  group IIB. 
~ ~<~ <~ ~ ~ In terms of Eq. (1), the Arrhenius parameters of ~ ~ .~  ~ z 

c -~ ~ ~- ~ thermolysis of  secondary nitramines in the condensed 
state (Table 3) are split into the groups III A and III B 
corresponding to the thermolyses in solid and liquid 
states, respectively (see Table 7). The thermolysis 
mechanisms of  secondary nitramines, particularly 
hexogen and octogen (substances 3.5 and 3.6) have 

~ ~ ~ ~ frequently been discussed in literature. Often the 
~- conclusions are contradictory, which is due to both 

"~ ~ " unsuitable choice of  experimental conditions [15,34] 
= ~ ~ - ~ 6 ~ and a wrong interpretation of  results [15,91] (in 

° '~ ~ particular, interpretation of  the deuterium isotope 
o ~ ~ ~ ~ :~ effect [91 ]). Nevertheless, at present there are enough ~ ~ ~ ~ ~z - 
z ~ ~ . ~  convincing pieces of evidence in favour of the N-NOz 

~ ~. bond homolysis as the primary thermolytic splitting of 
• - .= .~ secondary nitramines even in condensed state 

o'~ ~ .=~ ~ -r- ~ ~ [15,17,82,85,91,94-961. The data for 3.5.7 and e~4 
" ~ ~ "~ " 3.6.4-3.6.7 do not correspond to the N - N O ,  bond 

~. = 4 ~ ~ ~ ~ homolysis [15,91] (the respective activation entropy 
~' d values are negative [58]). 

° .~ ~ ,. ~. ~. ~ ~. ~. ~. ~. ~. ~. ~ ~  ~" " ~" In terms of Eq. (1), the data 3.6.1 through 3.6.3 and 
~ ~ 3.6.8 correlate well with those of both groups III B and 
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e~ 

III B. The same ambiguity was also confirmed for 
~ nitramine 3.6 (i.e. HMX) in the case of study of 

~ ~ ~ ~ - relation of the Arrhenius parameters of thermolysis 
.-. and the 15N chemical shifts of nitrogen in nitro groups 

of nitramines [15] and was interpreted by the absence 
• ~ ~ ~ r- ~ ~ of an influence of solid-liquid transition on this 
,o " . . . .  decompositions [15]. According to Maycock and 
_~ Pai Verneker [89,90] the thermolysis of the HMX 

~ takes place in the temperature interval of formation 
~ ~ ~ ~ ~ ~ o ~ of its 6 polymorph, i.e. above 443 K. Huiping and 

,-i 

Mulan [88] in their experiments with the HMX ther- 
~ ~, ~ ~ ~ ~" molysis found that the formation of nitrogen oxides at 

481 K occured without any thermal effect. The opi- 
~ ~ ~ = ~ nion of Macock and Pai Verneker [89,90] is also 

.~ shared by Karpowicz and Brill [106] but the critical 
"2 ~ temperature given by the latter authors is 521 K. In 
~ ~ this case, the problem lies in providing a more precise 

-o -~ ~ ~ ~ specification of temperature of formation of 6 mod- 
= 

~ ~ ~ ~ ~ ification since the measured temperature values of 
~ .~ polymorphic transitions of the HMX depend not only 

~ on the method and technique of their specification 
[104] but also on the HMX grain size [106,107] and 

z ~ applied pressure [107]. The alleged melting point of 
"O 

~ ~ ~ ~ ~ ~ this substance is about 553 K. However, another paper 
c~ ~ ~ ~ ~ ~ ~ [124] predicts the theoretical melting point of the 

-~ HMX in the interval from 463.4 to 465.2 K, which 
,z ~ .~ corresponds to its polymorphic transition /3-+6, c u r -  

~ X ~ ~ rently determined by means of DSC [124-126] at 
~ z ~ "o ~ ~ atmospheric pressure. As a consequence of intermo- 

~ lecular interactions in the crystal (see [107-110]), this 
nitramine has an unstable liquid phase represented by 

"~ ~ -~ its 6 polymorph. This is the reason of the aforemen- 
"~ ~ ~ tioned absence of the influence of solid-liquid transi- 
'~ ~ ~. .~ tion. Therefore the opinion of Brill and Karpovicz 

~ ~ [110], that the liquefaction of the HMX at tempera- 
~ ~ ~ tures above 553 K is connected with its dissolution in 

-o ~ .~ ~ its thermolysis products, seems to be logical. 
~ = ~. ~- In terms of Eq. (1), the nitrate esters presented in r4 o o  -5 

' ~ .-~ ~ Table 4 can very approximately be divided into two 
• ~ ~ '~ ~ ~ groups (see Table 7). Those in group IV A, predomi- 

~ ~ ~-5 ~ ~ nantly generated from ethylene glycol or hydroxypro- 
~ o "~ ~ "~=~=-o o ~ ~ pane derivatives, show the compensation in their 
r~ ~ ~ ~ .~ ~ = thermolyses, whereas those in group IV B, involving 

~ -'~4- ~ 4-~z ~ =  *~ ~ " predominant derivatives of long-chain polyols, show 
~ ~ ~ anticompensation, i.e. an opposite change of activa- 

= , ,.~ ~ -~ ~ ~ tion enthalpy as compared with entropy. Some of the 
.=~ z -. ~. ~ _ .z .~ data of the nitrate esters can be included into both the 

~- ~ ~ . . . .  groups, as it is particularly seen in the cases of the data 
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of 4.2.3, 4.9.1, and 4.12.3. The very poor correlation of indicated by the respective activation entropy values 
the two groups of data in terms of Eq. (1) is connected [58,92]. 
with the low influence of the rest of nitrate ester For all derivatives of 1,3,5-trinitrobenzene with 
molecule on the activation entropy [44]. This is due hydrogen at the X-position to nitro group (i.e. with 
to the way of bonding of nitro group in this molecule alkyl, amino, and hydroxy substituents) the accepted 
and to the primary step of thermolysis which consists mechanism of primary thermolysis is the so-called 
in the O-NO2 bond homolysis in this case 'trinitrotoluenemechanism'. It involvesmigrat ionof 
[ 17,44,90,93,121,122]. the said hydrogen (through a six-membered transition 

In terms of Eq. (1), the polynitro derivatives of state) to the oxygen of nitro group [97-100] with 
aliphatic hydrocarbons in Table 5 can be divided into subsequent homolysis of the N-OH bond thus formed. 
three groups (see Table 7). Group V A predominantly A stable intermediate of this splitting of 2,4,6-trini- 
includes geminal dinitropropane derivatives inclusive trotoluene (substance 6.4) is dinitroanthranil [52,100] 
of N-nitrosamine 1.6, whose classification in this showing a strong catalytic influence on further ther- 
group can indicate a primary thermolysis in the 2,2- molysis. An analogous mechanism of primary split- 
dinitropropyl section ofitsmolecule. GroupVB again ting has been suggested for the thermolysis of 
predominantly involves the nitropropane derivatives hexanitrostilbene [59] (substance 6.10). With the help 
with nitro groups cumulated most often at position 1. of X-ray photoelectron spectroscopy (XPS), the 
Nitromethane and nitroethane derivatives are found in mechanism of primary fragmentation in the above- 
group V C. As it can be seen from Table 5, the given sense was also confirmed for polynitrophenols 
cumulation of nitro groups at a single carbon atom [101]. An analogous course of splitting of(poly)amino 
in the molecule of substances of groups V B and V C derivatives of 1,3,5-trinitrobenzene [101] (substances 
corresponds with a decrease in the activation enthalpy 6.19-6.21 ) leads to nitrobenzofurazanes and nitroben- 
with concomitant increase in activation entropy, i.e. an zofuroxanes as stable intermediates [84, ! 02]: the pyr- 
anticompensation. The primary process of thermolysis olysis of o-nitrophenyl carbamate has been described 
of these nitro compounds in condensed state involves [103] as a method for synthesizing benzofurazane. 
the C-NO2 bond homolysis [47,48] which also holds In the case of polychloro derivatives of 1,3,5-trini- 
true in the case of thermolysis of mononitromethane trobenzene, it was pointed out by Maksimov et al. [52] 
under pressures lower than 4 GPa [47,111 ]. However, that in a way their thermolysis resembles that of their 
it is not excluded that, in the case of substances 1.6, polymethyl analogues. This similarity was fully con- 
5.7, and 5.9, the thermolysis goes by a heterolytic firmed by some published results [81,83]: here, a 
mechanism with participation of hydrogen at the fl- primary interaction between chlorine substituents 
position with respect to nitro group (i.e. elimination of and oxygen atoms of ortho-nitro groups may operate, 
HNO2). a fact which is supported by the activation entropy 

Nitro groups in aliphatic nitro compounds interact values [58]. 
with the rest of the molecule as a substituent with -I There are a few substances in the polynitroarene 
effect, whereas in nitroarenes their effect is predomi- series whose primary thermolysis is supposed to pro- 
nantly -M. This generally results in lowered thermal ceed without participation of the nitro group. Thus 
reactivity of polynitroarenes as compared with the Maksiomov et al. suppose that C-S bond is primarily 
above-discussed polynitro compounds. The intensity split [72] in the thermolyses of hexanitrodiphenyl 
of the interaction as mentioned and the manner of its sulfide (substance 6.30) and hexanitrodiphenyl sul- 
transmission to the other substituents in the aromatic fone (substance 6.31), and the C-CO bond [76] in the 
system codetermine the mechanism of primary ther- case of hexanitrobenzophenone (substance 6.29). 
molysis of the given polynitroarene. Similarly, Hoffsommer and Feiffer presume a primary 

The data 6.32, 6.33, 6.34.1, 6.34.2, 6.35, 6.36, 6.37, homolysis of C-N2 bond [105] in hexanitroazoben- 
6.39-6.42 from Table 6, except perhaps the date 6.41, zene. However, from the activation entropies of these 
correspond to 'pure' (nonsubstituted)polynitroarenes substances [58] it can be deduced that the primary 
whose primary thermolytic process should consist in fragmentation goes via a cyclic transition state: even 
the C-NO2 bond homolysis. In some cases this is also from the results [81,83] for substances 6.26 and 6.30 it 
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Scheme 1. The probable mechanism of the polynitroarene interaction with the primary products in the thermolysis of nitramines [58]. 

is reasonable to presume a primary interaction LOVA explosives) correlate well with it, while data 
between oxygen of ortho-nitro group and the bridge 6.42.2 is near to VI C1 group and 6.42.3 does not 
heteroatom (five-membered transition state), correlate with any polynitroarenes data. It must be 

A detailed analysis of relationships between ther- added, that only O-aci form of NTO has an aromatic 
mal reactivity of polynitroarenes and their detonation character. 
characteristics [81] showed a strict classification of Polynitroarene derivatives of group VI B are char- 
these substances into three groups: nonsubstituted acterized by the interaction of oxygen of the nitro 
'pure' polynitroarenes, derivatives with alkyl and group with ortho-standing substituent as the primary 
chloro substituents or - S -  or -SO2-  bridges at the step of thermolysis. This interaction can be realized by 
ortho position to nitro group, and derivatives having a hydrogen transfer from alkyl substituent via a six- 
sp 2 (or nearly sp 2) ground-state hybridization at the membered transition state or through a five-membered 
central atom of thermolysis reaction centre (-OH, - transition state involving a direct participation of 
NH-,  -N=N-,  -CH--CH- and similar groups). The ortho-substituent. 
application of Eq. (1) to the data on polynitroarenes in Group VI C is divided into two subgroups denoted 
Table 6 arrives at practicallyidentical classification of as VI C~ and VI Cz and includes the substances 
this set of substances (see Table 7) although far less exhibiting primary thermolysis by the trinitrotoluene 
rigid than that in the previous case: a summary mechanism but having an sp 2 (or nearly sp 2) ground- 
(traditional [51,61,64]) treatment of the data on state hybridization at the central atom of ortho-sub- 
polynitroarenes (i.e. groups VI A-VI  C) results in a stituent. The form of Eq. (1) valid for VI C1 subgroup 
single form of Eq. (1) with e0 = 44.27 kJ mol I, is well obeyed by the Arrhenius parameters of ther- 
/3 = 581.51 K, and the correlation coefficient molysis of DATB (substance 6.20) and TATB (sub- 
r = 0 . 9 5 2 ,  stance 6.21) obtained from DSC measurements, 

Group V I A  of substances in Table 7 includes 'pure' whereas the parameters derived from SMM (in 
polynitroarenes; the kinetic data of their thermolyses vacuum) correlate with the data of VI C2 subgroup. 
were predominantly obtained with the help of SMM. The reason of the difference has been discussed in [63] 
This group represents highly thermostable explosives, for TATB. The substances of VI C2 subgroup are 
The NTO data 6.42.1 (one of the representatives of characterized by a distinct stabilizing effect of crystal 
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lattice which was experimentally proved in [56] for monomolecular course of thermolysis of organic poly- 
some of them. This effect predominates here over that nitro compounds. 
of the molecular structure itself, which brings these The problem of solvent effect and/or that of parti- 
derivatives (possessing an - N H -  grouping in the cipation of bimolecular interactions in the initial 
molecule and showing strong intermolecular interac- phases of thermolysis [52,73,115,116] has been inter- 
tions in the crystal) close (from the stability point of preted with application [58] of the findings by 
view) to the 'pure' polynitroarenes: some authors (e.g. Urbanski and Bu~niak concerning the retarding effects 
Maksimov and Kogut [61] for the substance 6.41 or of polynitroarenes in radical polymerizations [117- 
Maksimov et al. [ 128] and Sharma et al. [87] for TATB 119]. In [58], this consideration is demonstrated on a 
(substance 6.21)) consider the C-NO2 bond homolysis dinitrobenzene-nitramine mixture (see Fig. 1). Cor- 
to be the primary step of thermolysis of substances of rectness of the application cited can be verified on the 
subgroup VI C2. However, the activation entropies basis of a typical a reaction condensation products. 
derived from the data of 6.21.1 and 6.41 have negative However, the problem lies in the fact that till now the 
values and thus do not correspond to this type of manometric methods have monitored the amounts and 
homolysis [58]. composition of only the gaseous products, little atten- 

The Arrhenius parameters of salts involving poly- tion being paid to condensed products. 
nitroarene and polynitroheterocyclic anions correlate Beside the possibility of pseudo-monomolecular 
well in terms of the form of Eq. (1) valid for group VII course (or its suppression depending on the solvent 
of the substances. This group of salts exhibit negative type), the results of studies of thermal reactivity of 
values of activation entropy, and a significant stabiliz- polynitroarenes in solution also reflect the loss of 
ing effect of crystal lattice can be presumed here too. stabilizing effect of the crystal lattice: thus, the highly 

In the past, the attempts at studies of relationships thermostable TPT (substance 6.36) changes into a 
between molecular structure and thermal reactivity of thermally reactive substance (more reactive than, 
organic polynitro compounds used to adopt the so- e.g., DPA (substance 6.24.) on transferring it into 
called inert solvents [26,32] involving, e.g. 1,3-dini- 1,3,5-trinitrobenzene solution [56]. 
trobenzene [16,26,32], 1,3,5-trinitrobenzene The pseudo-monomolecular course of thermolysis 
[26,105,112-114], hexacblorobenzene [73], and even cannot be excluded even among molecules of a single 
2,4,6-trinitrotoluene [26,32]. The Arrhenius para- kind. In this way, it would perhaps be possible to 
meters resulting from such studies could not be used interpret the published considerations [ 115,116] about 
to derive their relationships to the detonation char- the bimolecular course of thermolysis by trinitroto- 
acteristics of the respective polynitro compounds luene mechanism, or the already mentioned concen- 
[17,58]. tration dependence of the value of effective rate 

In hexachlorobenzene solutions, a bimolecular constant of thermolysis of polynitroarenes in hexa- 
course of thermolysis was observed with polynitroar- chlorobenzene solution [73] or even the lowering of 
enes, this character gradually vanishes withincreasing the thermolysis reaction rate in benzene solution 
dilution of the solution [73]. Some 'inert' solvents, [129]. The course discussed can also be documented 
although structurally quite cognate with the substance by the attempt at interpretation [47] of the finding of 
thermolyzed, exhibited a distinct influence on the Piermarini et al. [120] concerning the effect of pres- 
splitting itself (see also citations and partial conctu- sure on the thermolysis kinetics of nitromethane: here 
sions in [56,58]): e.g. 1,3,5-trinitrobenzene inhibits an agreement with practice was reached even with 
the thermolysis of hexanitroazobenzene [105]. A regard to the characteristic products of thermolysis 
study [114] of thermolysis of RDX (substance 3.5) [47]. 
in 1,3,5-trinitrobenzene solution revealed formation of 
2,4,6,3t,5~-pentanitrobiphenyl from the solvent mole- 
cules. It was also found that the reaction rate of 4. Conclusion 
thermolysis of 1,3,5-trinitrobenzene derivatives in 
the condensed phase is higher than that in benzene On the basis of the linear relationship between the 
solution [129]. The facts given indicate a pseudo- activation energies, Ea, and logarithm of preexponen- 
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tial factor, log A, which result from monomolecular discussed, it has again been possible to confirm the 
non-autocatalyzed thermolysis of organic polynitroso absence of the effect of solid-liquid transition on the 
and polynitro compounds in condensed state, these thermal reactivity of the HMX (i.e. substance 3.6): the 
substances can be classified into several reaction reason lies in the instability of liquid phase of this 
series. For the compounds with intensive intermole- nitramine. This phase is 'represented' by the &poly- 
cular interaction in the crystal, such as nitramines and morphic modification of the HMX. 
highly thermostable polynitroarenes with - N H -  In the primary homolytic fragmentation of thermo- 
grouping in the molecule, the classification mentioned lysis of the polynitro compounds, particularly poly- 
is also determined by the influence of crystal lattice, nitroarenes, one can anticipate a mutual interaction of 
Each series of substances exhibits its characteristic molecules [47,58] analogous to the termination reac- 
chemical mechanism of primary thermolysis. Acom-  tions of nitroarenes in radical polymerizations. This 
pensation effect between the E~ and log A values is hypothesis [47,58] follows from the comparison of 
typical of most series. However, an anticompensation results of the study of thermal reactivity of organic 
corresponds to a cumulation of nitro groups in the polynitro compounds in the so-called inert solvents 
molecule and lengthening of carbon chain in nitrate [16,26,32,73,105,112-114,129] with those in the con- 
esters, and to a cumulation of nitro groups at a single densed state (see [47,52,58,73,115,116] and refer- 
carbon atom in nitroparaffins, ences in Tables 1,2,3,4,5 and 6), taking into account 

Although with the aliphatic and heteroaliphatic the conclusions by Urbanski and Bu~niak about the 
polynitro compounds the reaction series are relatively retardation action of polynitroarenes in the said poly- 
sharply delimited in terms of the aforementioned merizations [117-119]. 
relation, this is not the case with polynitroarenes. 
The main reason for that can lie in the dominating 
effect of conjugation of nitro group with the 7r-electron Acknowledgements 
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