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The Piloyan activation energies E and initial exotherm temperatures TD of five 
N-monoalkyl -- and four N,N-dialkyl-2,6-dinitroanilines were determined. By com- 
parison with Rf factors, or values of R M functions of paper chromatography, the molec- 
ular-structural dependences of the values of E and T D for the measured compounds 
were studied. The relationship between the E" T~ 1 term and the RM functions is 
discussed from the viewpoint of the published data on the conformations of N-sub- 
stituted polynitroanilines. 

Study of the relationship found between the Piloyan activation energies E, 
the initial exotherm temperatures TD and the molecular structures in the thermal 
decomposition of N-substituted polynitroanilines forms part of earlier papers 
[1, 2]. Paper chromatography (PC) data [3] provided information on the molec- 
ular structures of these compounds. The results obtained in this way for N-sub- 
stituted 2,4-dinitroanilines are discussed in paper [4] and are extended to N-sub- 
stituted 2,6-dinitroanilines in the present paper. 

Experimental 
Materials  

The origin, methods of purification and melting point determination of the 
N-substituted 2,6-dinitroanilines, their Rf factors and RM functions of their PC, 
are described in paper [3]. These compounds have also been examined by DTA 
measurements [5]. 

Methods  

The methods of DTA measurement were detailed in the first part of the present 
paper [6]. In this paper the DTA measurements were made only by method A 
(i.e. using thermocouples placed in a stainless injeciton needle). Averaged E and 
TD values are given for weighed samples within the range 8 0 - 1 3 0  mg. 
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Results and discussion 

Table  1 gives average values o f  the P i loyan  ac t iva t ion  energies E, as well  as the  
ini t ia l  exo the rm tempera tu res  T D. 

S imi lar ly  as in paper  [4], a re la t ionship  the  type  shown in Fig.  1 was found  
be tween the T D values and  the Rf fac tors  o f  N-subs t i tu ted  2,6-dini t roani l ines.  
In  Fig.  1 the  d a t u m  for  c o m p o u n d  2 is no t  cor re la ted  with the  depencence for 
N-monosubs t i tu t ed  derivatives.  

By means  of  the dependence  i l lus t ra ted in Fig.  1, the ini t ia l  t empe ra tu r e  o f  the 
exo the rm was de te rmined  by ex t rapo la t ion  for  c o m p o u n d  1 (T D = 491.6 K)  and 
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Fig. 1. Relationship between the initial exotherm temperatures TD and the .R~ factors 

Table 1 

Survey of results 

Sub- 
stance 

no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Substance 

2,6-Dinitroaniline 
N- Methyl-2,6-dinitroaniline 
N-Ethyl-2,6-dinitroaniline 
N-Pr opyl-2,6-dinitroaniline 
N-n-Butyl-2,6-dinitr oaniline 
N-Cyclohexyl-2,6-dinitroaniline 
N,N-Dimethyl-2,6-dinitr oaniline 
N,N-Diethyl-2,6-dinitroaniline 
N,N-Dipropyl-2,6-dinitroaniline 
N-(2.6-Dinitrophenyl)-piperidine 

Initial  
tempera ture  

of  exotherm,  
TD,  K 

Tempera tu re  
range, 

K 

483.2 487--496 
470.2 473--497 
471.1 474--491 
472,1 473--485 
472.1 475--485 
481.7 483--491 
479.2 453--461 

E, 
kJ  " mo1-1 

distilled without decomposition 
319.02 ___ 37.60 
298.63 4- 12.98 
303.91 _ 11.22 
284.32 4- 23.02 
289.76 4- 19.21 
303.49 _ 42.96 
216.58 _ 24.83 

distilled without decomposition 
478.2 I 483-- 501 I 195.01___ 5.48 

I I 
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for compound 9 (TD = 493.2 K). The two compounds distilled without decompo- 
sition under the conditions of the experiment (see Table 1), 

It follows from Fig. 1 that, starting with compound 3, an increase in the ther- 
mal stability due to the increasing volume of the alkyl substituent is characteristic 
for N-monosubstituted 2,6-dinitroanilines. 

For N,N-disubstitution, however, the relationship between the volume of the 
alkyl substituent and the thermal stability in the sense of Fig. 1 is not so unam- 
biguous; the relatively high thermal stability of compound 9 is surprising, too. 

w 2 5 0 ~  or, �9 
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Fig. 2. Relationship between the E values and RM functions for N-monoalkyl-2,6-dinitro- 
anilines 

Analogous as for 2,4-dinitroanilines [4], the measured compounds display 
a certain relationship between the E values and the R M function values. For 
N-monosubstituted derivatives this relationship is shown in Fig. 2. Unlike the 
2,4-dinitro analogues [4], no change in shape of Fig. 2 type was exhibited by the 
measured N-monosubstituted 2,6-dinitroanilines due to the increasing volume of 
the alkyl substituent. 

In N,N-dialkyl-2,6-dinitroanilines, the E values are linked with the R M functions 
by the relationship of Fig. 3 type. From this relationship the Piloyan activation 
energy was calculated for compound 9 (E --- 187.10 kJ �9 tool-l). 

Similarly as for N-substituted 2,4-dinitroanilines [4], a graphical representation 
of the probable relationship between the activation entropies of thermal decom- 
position of the measured compounds and their molecular structures is illustrated 
in Fig. 4; on the basis of paper [7], the activation entropy is represented here, 
to a first rough approximation by the term E " T D  1. The change in entropy due to 
the increasing volume on N-monosubstitution is not so pronounced for the 2,4- 
dinitro analogues [4]. At the same time, for both N-mono- and N,N-disubstituted 
2,6-dinitroanilines it is expressed by the shape of the dependence of Fig. 4 type. 

The differences found between the N-mono substituted 2,6-dinitroanilines and 
the 2,4-dinitro analogues [4] can be interpreted in the knowledge of the molecular 
structures of polynitroanilines [8 -  11 ] : according to Kamlet [8], introduction 
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of  an alkyl group onto the amine nitrogen of 2-mononitro- or 2,6-dinitroaniline 
brings about a deviation of the 2- (or 6-) nitro group from nucleus coplanarity, 
and can lead to deformation of the amine ni t rogen-nucleus  carbon bonding 
angle. Deviation of the amine nitrogen from the benzene nucleus planarity can 
occur at the same time [8]. Electron spectra show [11 ] that an increase in the bulk 
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Fig. 3. Relationship between the Evalues and RM functions for N,N-dialkyl-2,6-dinitroaniline 
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Fig. 4. Relationship between the E �9 Tg 1 terms and the RM functions: O N-monoalkyl- and 
�9 N,N-dialkyl-2,6-dinitroanilines 

o f  the N-alkyl group in N-monoalkyl-2,6-dinitroanilines causes no'further changes 
in the molecular geometry [11]. This means that the spatial arrangement of the 
activated complex in the thermal decomposition of these compounds is negligibly 
influenced by the size of the alkyl group. This also accounts for the dependences 
o f  the types in Figs 2 and 4 for all the measured N-monosubstituted 2,6-dinitro- 
anilines. 
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Introduction of the nitro group into position 4 in N-alkyl-2-nitro- or N-alkyl- 
2,6-dinitroanilines can cause the amino nitrogen to return into coplanarity with 
the benzene nucleus [8, 9], with a simultaneous deviation of the 2- (or 6-) nitro 
group from nucleus coplanarity [8, 9]. 

Due to the conjugation effect, the 4-nitro group, reduces the electron density [11 ] 
on both the amine nitrogen and the ortho-nitro oxygen atoms. The donor property 
o f  the proton of the amine function is therefore increased more than the acceptor 
property of the ortho-nitro group is decreased, resulting in a stronger hydrogen- 
bond [11 ]. It follows from the results of paper [4] that this leads to the formation 
o f  more rigid activated complexes in the thermal decomposition of N-alkyl-2,4- 
dinitroanilines than those exhibited by the 2,6-dinitro analogues. Considering the 
spatial arrangement in the neighbourhood of the amine nitrogen in the N-mono- 
substituted 2,4-dinitroanilines [8, 9], the influence of the size of the N-alkyl sub- 
stituent or, more particularly, its a-carbon atom branching upon the conforma- 
tion of the activated complex is naturally more pronounced. 

It follows from Fig. 4 that, along with the increasing steric effect exercised by 
the steric effect of the substituent in the N,N-dialkyl-2,6-dinitroanilines, there 
should be a decrease in the activation entropy. This condition does not contradict 
the mechanism of thermal decomposition of ortho-nitroaromatic compounds 
with N-heteroparaffinic substituents [12]. 

The authors would like to thank Mrs. Anna (7oll~tkov~t for careful DTA measurements, 
:and Dr. Ladislav Smolka for help in the treatment of the measured results on the Wang 
600 computer. 
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R~SUM~ -- On a d6termin6 les 6nergies d'activation E d'apr6s Piloyan et les valeurs initiales 
TD de cinq N-monoalkyl- et quatre N,N-dialkyl-2,6-dinitroanilines. En se r6f6rant aux facteurs 
RF ou aux valeurs des functions RM de la chromatographic sur papier, on a 6tudi6 la d6pen- 
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dance entre les valeurs de E et de TD et les caract6ristiques mol6culaires-structurales. On discute 
la corr61ation entre le terme E �9 TD ~, d 'une part, et les fonctions RM, d'autre part, du point 
de vue des donn6es publi6es sur la structure des polynitroanilines N-substitu6es. 

ZUSAMMENFASSUNG - -  Die Aktivierungsenergien E nach Piloyan und die Anfangswerte der 
Exothermen T D yon ffinf N-monoalkyl- und vier N,N-dialkyl-2,6-dinitroanilinen wurden 
bestimmt. Unter Berficksichtigung des Vergleichs mit den Rr-Faktoren oder Werten von 
Rra-Funktionen tier Papierchromatographie wurden die molekular-strukturellen Abh~ingig- 
keiten der Werte E und TD ffir die gemessenen Verbindungen untersucht. Die Zusammen- 
h~inge zwischen dem Ausdruck E �9 T~ ~ einerseits und den RM-Funktionen andererseits wer- 
den unter Berficksichtigung der fiber N-substituierten Polynitroanilin-Konformationen ver- 
5ffentlichten Angaben diskutiert. 

Pea~oMe - -  OnpeneneH~,i 3Heprna aKTnBallnn E rio Ilnao~ny n Ha~aabn~,ie 3K3oTepMI,1 Z~ ~aJl 
maTa N-MOHOaZKna- rI ~eT~,ipex iV, N- , t tnanKnn-2 ,6-~annrpoarmJmrtoB.  Y~nr~ma~ cpaBnerrne e 
Rf-d~a~TopaMn nnn 3Ha~tenn~n  RM-d~y'rIKl2I~I~ 6yMamnol~ xpoMaxorpaqbna, ~sla ~ammix co- 
e~n~terrn~ aayqeH~,i MOneKyn~prtO-CTpyKTypH~e 3aBnCnMOCTn 3na~en-rI~ E n Tz. I4cxo~a 53 ony6- 
~iaKoBaHrmrx ,~arlrrbix 0 xoH~opMai~in N-3aMelzie~rlblX rlo:qnanTpoarm,ri~rlOa, o6cy:~;ae~rr, i 3aaa- 
CnMOCXn Mex~y Bblpa~renrleM E .  T~ 1. n RM --qbyn~urta~. 
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