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POSSIBILITIES O F  A P P L Y I N G  T H E  P I L O Y A N  M E T H O D  O F  
D E T E R M I N A T I O N  O F  D E C O M P O S I T I O N  A C T I V A T I O N  E N E R G I E S  
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P O L Y N I T R O A R O M A T I C  C O M P O U N D S  A N D  T H E I R  D E R I V A T I V E S  

PART VII. RELATIONSHIP FOUND BETWEEN CHROMATOGRAPHIC I~ND 
THERMAL ANALYSIS DATA ON N-SUBSTITUTED 2,4,6-TR[NITROANILINES 
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Department of Research, Chemko, 072 22 Strazske 

(Received June I, 1978; in revised form March 20, 1980) 

The Piloyan activation energies E, as well as the initial exotherm temperatures To, 
are determined for six N-monoalkyl- and five N,N-dialkyl-2,4,6-trinitroanilines. By com- 
parison with Rf-factors, or R~,-functions of paper chromatography, the molecular- 
structural dependences orE and TD are studied for these compounds. Relationships are 
also found between the term E �9 TL7 t and the RM-functions. The effects are discussed 
of the introduction of the 6-nitro group into the N-substituted 2,4-dinitroanilines, and 
of the introduction of the 4-nitro group into the 2,6-dinitro analogues, upon the thermal 
stabilities of the resulting 2,4,6-trinitroanilines. 

Similarly as for N-substituted 2,4- and 2,6-dinitroanilines [1, 2], the relation- 
ships between the Piloyan activation energies E of  the thermal decomposi ton,  
the initial exotherm temperatures TD, and the structures o f  the molecules have 
also been studied for 2,4,6-trinitro analogues [3, 4]. The results obtained in this 
way are extended in the present paper and discussed from the point  o f  view of  
new knowledge on the DTA of  polyni t roaromatic  compounds ,  i.e. as contained 
particularly in papers [ 4 - 8 ]  and [1, 2]. 

As in preceding parts o f  the present series [1, 2] molecular-structural depen- 
dences of  the E and T O values are formulated by comparison with paper chromatog-  
raphy (PC) data [9] on N-substituted 2,4,6-trinitroanilines. 

Experimental 

Materials 

The origins, methods o f  purification and melting point  determination o f  the 
compounds ,  their Rr-factors and the PC RM-functions , are described in paper [9]. 

Methods 

The method of  DT A measurements was detailed earlier [5]. Measurements  
using thermocouples in a stainless injection needle are designated as method  A, 
while method B involves measurements using thermocouples in a glass capillary. 
In contrast  to previously [ 5 -  8], averaged E and T D values are given here to denote 
the weighed samples within the range 9 0 - 1 5 0  mg. 
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Results of DTA measurements obtained by method A are to be understood as 
average values of two measurements, whereas in the case of method B, they are 
average values of three measurements. 

As previously [1, 2], Sial glass was employed for test tubes to take samples 
and capillaries to make thermocouples. 

PC methods are described in paper [9]. 

Results and discussion 

The average values of E and TD are listed in Table 1. 
The mutual relationship of the TD values and Ri-factors is similar to that 

found for 2,4-dinitro- [1] and 2,6-dinitroanilines [2] and is presented in Fig. 1. 
Similarly as for the N-monosubstituted 2,4- and 2,6-dinitroanilines [1, 2], for 

the 2,4,6-trinitro analogues too a relationship exists between the E values and 
RM-functions; this is graphically presented in Fig. 2. For measurements by method 
B, the division in this dependence (Fig. 2) differentiates derivatives containing 
the N-alkyl substituent, and derivatives in which the substituent displays branch- 
ing on the c~-carbon. This division is much less pronounced than that for the 
corresponding derivatives of 2,4-dinitroanilines [1 ]. 

Similarly as in paper [1, 2] a relationship was discovered for N,N-di-n-alkyl- 
2,4,6-trinitroanilines, between the E values and the RM-functions; this is depicted 
in Fig. 3. 
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Fig. 1. Relationship between initials of  exotherm TD and Rf-factors: points �9 and A corre- 
spond to DTA-measurements according to method A; points �9 and A correspond to D T A -  

m e a s u r e m e n t s  a c c o r d i n g  to m e t h o d  B 
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Graphical representations of  the probable relationships between the activation 
entropies of thermal decomposition of  the compounds and their molecular struc- 
tures are given in Figs 4 and 5. From the data in papers [1, 2, 8], this entropy is 
approximately represented by the term E �9 T61, and the molecular structure by 
the RM-function [1, 2, 9]. 
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RM 

Fig. 2. Relationship between the E-values and RM-functions for N-monoalkyl 2,4,6-trinitro- 
anilines: o measurements according to DTA method A; �9 measurements according to DTA 

method B 
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Fig. 3. Relationship between the E-values and RM-functions for N,N-dialkyl 2,4,6-trinitro- 
anilines: �9 measurements according to DTA method A; �9 measurements according to DTA 

method B 

Relationships of the type in Fig. 4 (i.e. for N-monosubstituted derivatives) show 
an analogous course as the similar dependences in Fig. 2. Interaction of  the 
thermolyzed compounds with the glass surface can therefore be assumed to lead 
to a decrease in the activation entropy. Due to the absence of amine hydrogen 
from N,N-disubstituted 2,4,6-trinitroanilines, the activation entropy decrease in 
these is less pronounced (see Fig. 5) than in N-monosubstituted analogues. 

The results of this and earlier work [1, 2, 4, 8] illustrate the influence of  the 
construction materials (and, to some extent, the construction parameters of  the 
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D T A  apparatus)  upon  the kinetics o f  thermolysis o fpo lyn i t roa romat ic  compounds  
and their derivatives. At  the same time they prove the difficulties in the interpreta- 
tion o f  the results obtained f rom D T A  measurements as regards the reaction 
kinetics. 

As far as the glass type is concerned, practically no differences were discovered 
between D T A  measurements with capillaries o f  either Simax or  Rasotherm glass. 
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Fig. 4. Relationship between the E" TD t terms and RM-functions for N-monoalkyl 2,4,6- 
trinitroan~lines: o measurenlents according to DTA method A," �9 measurements according 

to DTA method B 

RM 
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Fig. 5. Relationship between the E �9 Try, 1 terms and RM-functions for N,N-dialkyl 2,4,6-trinitro- 
anilines: o measurements according to DTA method A," �9 measurements according to DTA 

method B 

Somewhat  different values resulted, however, when Sial was employed:  for 2,4,6- 
trinitroaniline with Rasotherm glass, average values [6] o f  T D = 520,8 K and 
EA = 225.82 kJ " tool -1 were found, but  for the same compounds  with Sial glass 
the values given in Table 1 resulted. 

Compar ison of  the values for the 2,4-dinitroaniline derivatives [1 ] with those 
for the 2,4,6-trinitro analogues leads to the conclusion that  int roduct ion o f  the 
nitro group into position 6 in 2,4-dinitroanilines unambiguously  reduces the 
thermal stability o f  the resulting N-monosubst i tu ted 2,4,6-trinitroanilines, and 
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unambiguously increases the thermal stability of the N,N-disubstituted 2,4,6-tri- 
nitroanilines, as compared with the 2,4-dinitro analogues. 

Analogous, introduction of the 4-nitro group into N-monosubstituted 2,6-di- 
nitroanilines leads in the case of the N-monomethyl derivative to an increase, 
and in the remaining cases to a decrease of the thermal stability of the resulting 
2,4,6-trinitro analogues, as compared with the starting compounds. Substitution 
in the same sense in N,N-disubstituted 2,6-dinitroanilines leads to 2,4,6-trinitro 
analogues possessing a reduced thermal stability as compared with the starting 
compounds. 

A reduction in thermal stability in the transition from N-monosubstituted 2,4- 
dinitroanilines to the 2,4,6-trinitro analogues can be brought about by steric 
effects, but above all by the negatively induced effect of the 6-nitro group, which 
reduces the electron density on the amine nitrogen; the donor property of the 
proton of the amine function is increased. The increased thermal stability of N,N- 
disubstituted 2,4,6-trinitroanilines as compared with the 2,4-dinitro analogues [1 ] 
can be brought about either by a reduction in the resonance interaction + R2 = 
= C1 ~ C4 = NOff due to deformations caused by introduction of the 6-nitro 
group [10, 11 ],or by the influence of the development of steric conditions unfavour- 
able for acitautomer [6] or cyclic activated complex formation by the interaction 
of the e-methylene hydrogen with the oxygen of the ortho-nitro group [12]. 

The reduction in thermal stability accompanying the transition from N-sub- 
stituted 2,6-dinitroanilines to the 2,4,6-trinitro analogues is brought about the 
reduced electron density in the amine nitrogen due to the conjugation effect of 
the introduced 4-nitro group (see also [2, 13 ]). In ortho-nitroaromatic compounds 
having an N-heteroparaffinic substituent, the positive influence of the 4-nitro 
group upon the increase in thermal reactivity has been confirmed [12]. In N-mono- 
substituted derivatives, along with the conjugation effect of the 4-nitro group, 
the influence of the conformation of the molecule (i.e. "steric enhancement effect" 
[10]) connected with the introduction of this nitro group into the 2,6-dinitroani- 
line molecule is also manifested. 

It follows from the results of this and previous work [1,2,5- 8] that application 
of the Piloyan method of determination of decomposition activation energy [14] 
to the differential thermal analysis of polynitroaromates can, under favourable 
experimental conditions [5] in combination with a suitable method of studying 
the thermolysis reaction kinetics [5-8] or in combination with a suitable 
method of structural analysis [1, 2, 15], lead to a satisfactory interpretation of 
DTA measurements from the points of view of both the reaction kinetics and 
the molecular structure. 

$ 
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RI~SUMI~ -- On a d6termin6 les 6nergies d'activation par la m6thode de Piloyan ainsi que les 
tempdratures initiales TD de l'effet exothermique de six N-monoalcoyl- et cinq N,N-dialcoyl- 
2,4,6-trinitroanilines. En se rdfdrant aux facteurs R e ou aux valeurs des fonctions R M en chro- 
matographie sur papier, on a 6tudi6 la d6pendance entre les valeurs de E et de T n sur les carac- 
t6ristiques moldculaires-structurales de ces compos6s. 

On a 6galement trouv6 des rapports entre le terme E ' Tr~ 1 et les fonctions Rra. On discute 
l'influence de l ' introduction du groupe 6-nitro darts les 2,4-dinitroanilines N-substitudes ainsi 
que l'influence de l ' introduction du groupe 4-nitro dans les 2,6-dinitro analogues sur la stabilit6 
thermique des 2,4,6-trinitroanilines qui en r6sultent. 

ZUSAMMENFASSUNG -- Die Aktivierungsenergien E nach Piloyan und die Anfangswerte der  
Exothermen To der sechs N-monoalkyl- und ftinf N,N-Dialkyl-2,4,6-trinitroaniline wurden 
bestimmt. Unter Berficksichtigung des Vergleichs mit Rf-Faktoren oder RM-Funktionen der  
Papierchromatographie wurden die molekularstrukturellen Abh/ingigkeiten der Werte E und 
T D dieser Verbindungen untersucht. Zusammenh~inge wurden auch zwischen dem Ausdruck 
E �9 TwB t u n d  den Rra-Funktionen gefunden. Der Einfluss der Einffihrung der 6-Nitrogruppe 
in die N-substituierten 2,4-Dinitroaniline, sowie der Einfluss der Einffihrung der 4-Nitrogruppe 
in 2,6-Nitroanaloge auf die Thermostabilit~t der resultierenden 2,4,6-Trinitroaniline werden 
er6rtert. 

Pe31oMe - -  ~ mecTI N-Morloa.qKilJI- Il nflT~ N,N-ArtaYlKrI.a-2,4,6-TpHHrlTpOaH~i2arIHOB onpe- 
~IeJIeHbI 3HepFHil aKTHBalIIlil E Ilttylo~Ha, a TaKxge na~Iasn, nbie 9K3OTepMbi Z o. Yq/4TlalBa~t cpaBne- 
Bile C Rl-qbaKTOpaMil rmH R M - -  qbyrlI~LIil~tMtI 6yMaxnofi xpoMaTorpat~llrt, rt3yqeltbl MOJleKyJI~Ip- 
HO-CTpyKTyplfble 3aBHCHMOCTII 3naqenn~ E vi T D. HaFl)ienl, i TaKxe B3ailMOCB..q3ii MeX~ty Bblpa- 
z~enr~eM E .  Tff 1 n RM-~YHKIIrI~MH. O6cyxaeHo B.r/H~HHe ~Be~/enrln naTporpynnbI B nonoxenne  
6 N-3aMeULeHHBIX 2,4-~II'IHHTpOaHaJIHHOB Il B no.lloTKeHHe 4 ilx 2,6-/IHHItTpOaHaJIOFOB Ha TepMI4- 
qecKytO CTa6HYIbHOCTb 2,4,6-TpHHI.ITpOaHH2IHHOB. 
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