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Piloyan activation energies E as well as initals of exotherm TD of seven N-monoalkyl 
and five N,N-dialkyl-2,4-dinitroanilines were determined. Relationships were found 
between the TD values and Rf factors as well as E values and those RM functions and 
also the ET~ 1 term and RM functions. 

In the previous parts of  the paper [ 1 - 4 ]  attention was paid to kinelic data of 
thermal decomposition of compounds contining trinitrophenyl groups in the mole- 
cule. Conditions of  the DTA measurements were specified [1 ] for determination 
of the Piloyan activation energies E [1 - 4 ]  as well as the initial exotherm tempera- 
tures T D of the measured compounds [1 - 4]. Relationships of the type [1 - 5] 

E 
= b ' E  M + a (1) 

rD 

E 
- bl "log A + a l  (2) 

TD 

were found to exist between E �9 To 1 and published Arrhenius parameters EM and 
log A obtained from the study of polynitroaromatic compounds by isothermal 
manometry.  

The relationship of the Piloyan activation energies E and the values of  the ini- 
tial exotherm temperatures T o towards the molecular structures was studied in 
papers [5, 6]. In an attempt to account for this problem, comparison was made 
with the results obtained from another physical-based procedure for actual anal- 
ysis, paper chromatography (PC) [6, 7] in this case. N-mono- and N,N-disubstitut- 
ed polynitroanilines were selected to serve as model compounds [6, 7]. 

Exper imenta l  

Methods 

DTA measurement methods are specified in detail in the first part  of the present 
paper [1]. Measurements using thermocouples placed in a stainless injection 
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needle [1-  6] are designated in this paper as method A; method B involves mea- 
surements using thermocouples placed in a glass capillary [1 ]. 

In contrast to previously [1-4] ,  in the present paper averaged E and TD values 
are given to denote the weighed samples within the range 8 0 -  130 rag. 

Results of DTA measurements obtained by method A are to be understood as 
average values of two measurements, while in the case of method B they are aver- 
age values of three measurements. 

Sial glass was used to make test tubes to take samples, and capillaries to hold 
thermocouples. 

The PC method is described in paper [7]. 

Materials 

The origin, methods of purification and melting points of the 2,4-dinitroaniline 
derivatives, and their Rf factors and RM functions in PC, are described in the pa- 
per [7]. These data are also presented in paper [8]. 

Results and discussion 

A survey of average values of the Piloyan activation energies E and average 
values of the initial exotherm temperatures T D are given in Table 1. 

In the case of N-mono- and N,N-disubstituted polynitroanilines, mutual rela- 
tionships existing between their TD values and their Rf factor values in PC have 
been reported [5, 6]. These relationships are described, in a general form, by the 
equation [5, 6]: 

Z D = b 2 " R f  n t- a 2 (3) 

A graphical presentation of Eq. 3 for the 2,4-dinitroaniline derivatives in question 
is given in Fig. 1. Setting out from these dependences, as well as from a knowledge 
of the conformations of N-mono- and N,N-disubstituted 2,4-dinitroanilines [9, 10], 
it is possible to arrive at partial conclusions about the relationship existing between 
the N-substitution and the thermal reactivity of the corresponding derivative. 

In the case of N-mono-n-alkyl derivatives of 2,4-dinitroaniline, which exhibit a 
positively-induced effect of the substituent, the thermal reactivity was found to 
increase. At the same time the rate of increase upon the DTA method used for 
measurement (either method A or method B is meant); in other words, it depends 
upon the material with which the compound being measured is in contact during 
thermal analysis. 

It is in the thermal stability of N-mono-alkyl-2,4-dinitroanilines that the steric 
effect makes itself felt in the most pronounced way. Branching of the paraffinic 
substituent on the e-carbon most probably leads to a strong deviation of the amine 
nitrogen and of the ortho-nitro group from coplanarity with the benzene ring [9] 
so as to give unfavourable steric and electronic conditions for transition state (see 
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Fig. 1. Graphical representation of Eq. 3 : points �9 corresponds to DTA measurements based 
on method A; points �9 and • correspond to DTA measurements based on method B 

for example [11] or acitautomer [2]) formation. This makes itself felt in the de- 
crease of the thermal reactivity and the increase of the activation entropy (see Figs 
4 and 5). Branching on the/t-carbon gives rise to a similar, though less pronounced 
effect. Interaction with the surface of the glass capillary (DTA measurements by 
method B) reduced the mutual difference in the individual thermal reactivities of 
compounds 5 and 7. 

A more considerable steric compression, along with a more pronounced posi- 
tively-induced action of the alkylamino substituents in N,N-dialkyl-2,4-dinitro- 
anilines, brings about the decrease of the thermal stability as compared to the 
N-monoalkyl analogues. The mechanism of their thermal decomposition can be 
interpreted according to Suschitzki and Sutton [12]: in the thermal decomposition 
of  ortho-nitroaromatic compounds containing N-heteroparaffinic substituents, the 
acitautomer originates from interaction of the ortho-nitro group with the ~-meth- 
ylene hydrogen [12]. If there is branching in the a-carbons, however, the thermal 
reactivity will decrease because of the steric conditions. 

This decrease of the thermal reactivity, along with the increase of the steric com- 
pression, can be illustrated, in the given sense, by means of the series of compounds 
13, 11 and 12 (see Fig. 1). 

Stabilization on the introduction of isopropyl on the amine nitrogen is so pro- 
nounced that, on the basis of the T D values, the thermal stabilities of compounds 
6 and 12 approach the stability of non-substituted 2,4-dinitroaniline (see the results 
of DTA measurements by method B); the stability of compound 6 is higher than 
those of N-aryl derivatives of 2,4-dinitroaniline [6]. 

In structural analysis, the chromatographic R M functions are made use of [13]. 

J. Thermal Anal. 19, 1980 
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For N-monosubstituted 2,4-dinitroaniline derivatives, a relationship of general 
formula [5, 6] 

l o g E =  b 3 " R  M + a 3 (4) 

was found between the R M functions and the E values. 
Graphical representation of Eq. 4 is presented in Fig. 2. For DTA measurement 

based on method A, relationship 4 splits into three parts. The part including corn- 

i 
2.8-- 

6 

r 

. , ~ 1 1 1 1 1 1  
~ 5  0 

- 2 

4 3 

T T I  T]  I I  i I T ,  r , , T  
0.5 ~.0 7.5 

RM 

w 

Fig. 2. Graphical  representation of Eq. 4: points (3 correspond to DTA measurements ac- 
cording to method A; points �9 correspond to DTA measurements according to method B 

pounds 2, 3, 4 and 5 corresponds to the influence of n-alkyl substituents; the part 
for compounds 3, 6 and 8 corresponds to branching on the e-carbon in the alkyl 
substituent; and the part for compounds 5, 7 and 8 is in accordance with the 
influence exercized by the increased volume of the substituent in the more general 
sense of the word. 

The course of dependence 4 for DTA measurements by method B' is influenced 
by the interaction of the hydrogen atoms of the amino group with the glass sur- 
face (see [2]). 

At the same time, however, the shape of dependence 4 for derivatives containing 
voluminous substituents (i.e. compounds 5, 7 and 8) is practically identical for 
method A and method B. 

For N,N-di-n-alkyl-2,4-dinitroanilines, a relationship 

log ( l o g E ) =  b~t 'R M + a 4 (5) 

was found [5, 6] between E and values of the R M function. A graphical represen- 
tation Eq. 5 for DTA measurements by method B is given in Fig. 3. 

J. Thermal Anal, 19, 1980 
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Fig .  3. Graphical representation of  Eq.  5 ; D T A  measurements according to method B 

If the results contained in paper [7] are taken into account, Eqs 4 and 5 can be 
rewritten as follows: 

l o g E =  b ~ ' l o g N  c + as (6) 

log (log E) = b 6 �9 log (log 2 �9 _Arc) + a 6 (7) 

where Nc is the number of  carbon atoms in the n-alkyl group of  the N-substituted 
polynitroanilines. Relationships 6 and 7 illustrate well the dependence of  the Pi- 
loyan activation energies E upon the structure of  the N-n-alkyl substituent. 

It was found [4, 5] that the term E �9 T~ ] bears a definite relationship to the acti- 
vation entropy of thermal analysis, though in itself it cannot be considered to be 
entropy [4, 5]. In terms of  the logarithm o f E  �9 T~ j, a probable relationship between 
the activation entropy of  thermal decomposition of  the substances under examina- 
tion and their R M functions is illustrated graphically in Figs 4 and 5. The relation- 
ship has the general form [5] 

E 
l o g ~ -  = b 7 �9 R M + a 7 . (8) 

I D  

RM 

0 O . 5  1 . 0  ],5 
~ ~ , ~ ~ ~ ~ ] ~ i i i I J i i t L ' P ' -  

. 10 -0.1 

wl~9 
-0.6 

Fig .  4. R e l a t i o n s h i p  (Eq.  8) b e t w e e n  E �9 Tff I and the RM function ; D T A  measurements accord- 
ing to method A 

J. Thermal Anal. 19, 1980 
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Fig. 5. Relationship (Eq. 8) between E ' T~ ~ and the R M function; DTA measurements 
according to method B 

I t  fol lows f rom Figs 4 and  5 that ,  due to  branching  of  the paraffinic subst i tuent  
on  the s -ca rbon ,  as well as t e  the increase o f  its volume over  a given l imit  for  
N-monoalkyl -2 ,4-d in i t roan i l ines  there should  also be an act ivat ion en t ropy  in- 
crease. This is evidence o f  the greater  number  of  ways in which the cor responding  
N-a lky lamino  groups  are real ized in space than  in the case in the molecules  of  
compounds  2, 3, 4 and  5. 

C o m p a r i s o n  of  the dependence  i l lustrated in Fig.  4 with those given in Fig.  5 
reveals  unambiguous ly  the influence o f  ac t iva t ion  en t ropy  by contac t  of  the com- 
pounds  with the glass surface of  the capi l lary  (method B). Ana logous ly  to depen-  
dence 4 (Fig. 2), Eq. 8 has the same shape for  D T A  measurements  by either me thod  
A or  B in the case of  compounds  5, 7 and 8. 

The authors would like to thank Mrs. Anna Coll~tkov~t for careful DTA measurements, 
and Dr. Ladislav Smolka for help in treatment of the measured results with the Wang 600 
comouter. 
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R~suM~ -- On a d6termin6 les temp6ratures initiales TD de l'effet exothermique ainsi que les 
6nergies d 'act ivation E d'apr~s la m6thode de Piloyan, de sept N-mono alcoyl et cinq N,N-  
dialcoyl-2,4-dinitroanilines. Une corr61ation entre les valears TD et les facteurs Rf de la 
chromatographie  sur papier des dinitroanilines 6tudides a 6t6 trouv6e et discutde, ainsi qu 'entre  
les valeurs E et les fonctions RM de la chromatographie  sur papier. Une relation entre le 
terme E "  Tff I e t  les fonctions RM a 6galement 6t6 trouvde. 

ZUSAMMENFASSUNG - -  Die Aktivierungsenergien E nach  Piloyan sowie die Anfangswerte der 
Exothermen TD wurden ffir sieben N-Monoalkyl-  und ffinf N,N-Dialky l -2 ,4-d in i t roani l ine  
bestimrnt. Die Zusammenh/inge zwischen den TD-Werten und den papierchromatographi-  
schen Rf-Faktoren der gemessenen Dinitroanil ine wurden abgeleitet und er6rtert. Desgleichen 
wurden auch die Zusammenhgnge zwischen den E-Werten und den RM-FUnktionen der Papier- 
chromatographie abgeleitet und er6rtert.  Auch zwischen dem Ausdruck E "  T~71 und den 
RM-Funktionen wurde ein Zusammenhang gefunden. 

Pe3roMe -- Onpe~IeneHbi 3HeprHs aKTHBaHH_VI E no Flltno~tHy rI Haqa•bHbte 3K3OTepMI~I Z D ceMH 
g - M o n o a ~ a n  K IIItTtI N,N-A~anKHn-2,4-~l~HnrpoanHn~InOB. Bsme~enb~ g o6cy~JleHbI COOT- 
HomeH~ Me~/ly 3Ha~eHH~M~ TD 14 RO3~?HI~rleHTaMH Rf 6yMa~HO~ xp0MaTorpa~pHH, a TaRx<e 
Me~)2y E !4 ~yHKIIHI/MH R M. YCTaHOBneHbI COOTnomenH~l Me~rjly BbrpameHH~/MH E .  T~ 1 I1 
~yHm/~Ie~ R M. 
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