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Decomposition temperatures were correlated with frequencies of valence and de- 
formation bond vibrations in a series of N-substituted derivatives of 2,4- and 2,6-di- 
nitroanilines (DNA). These vibrations are directly influenced by the nitro group struc- 
ture and by its resonance and inductive interaction with the benzene ring. Analysis of 
the infrared spectra reveals a great sensitivity of the frequency and hence the CAr-- NO2 
bond order on the substitution character of the amino group, whereas the frequencies 
of the valence vibrations of the o-nitro group are influenced to a small extent only. 
However, at the same time the valence vibration of CA.-- NO2 is a sensitive indicator 
of the thermal stabilities of 2,4-DNA and 2,6-DNA. 

On the basis of detailed spectral studies of N-substituted derivatives of 2,4- and 
2,6-DNA in the IR [I, 2] and UV [2, 3] regions, we decided to attempt to corre- 
late the decomposition temperatures with those spectral frequencies which are 
closely related to the structure of the nitro group and its resonance and inductive 
interaction with the benzene ring. A linear correlation was demonstrated between 
the decomposition temperatures and some particular frequencies of valence vibra- 
tions in the IR region. The experiment to correlate UV spectral data, especially 
shifts of absorption maxima, with decomposition temperatures was not successful 
[2]. We see the probable reason for this in the fact that the electronic absorption 
spectra more or less represent the behavior of the molecular ~z-electronic system, 
and the a-molecular system is better manifested as a higher-order perturbation. 
The destruction of the molecules begins by the breaking of the rr- and a-bonding 
system; the a-bonds have the lower energy requirements for breaking and there- 
fore play the more important role in the early stages of thermolysis. The study of 
nitro compounds in different phases [ 4 - 9 ]  has shown that the first stage of thermo- 
lytic decomposition proceeds via homolytic fission, according to scheme (1) 

A r -  NOz -~ Ar .  + �9 NO2 (1) 

From a theoretical point of view, the ease of primary bond splitting in a molecule 
of an aromatic nitro compound is defined by the bond dissociation energy and 
resonance stabilization of the molecule [10, 11 ]. However, the bond strength and 
resonance stabilization of a compound need not always be the limiting factors for 
thermal stability: the thermolysis of many compounds occurs via sterically actived 
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complexes with lower activation energies than the dissociation energy of the weak- 
est molecular bond [4]. 

The frequencies closely related to the structure of the nitro group and its reso- 
nance interaction with the benzene ring were correlated with the decomposition 
temperatures of N-substituted derivatives of 2,4- and 2,6-DNA. 

Experimental 

N-substituted derivatives of 2,4- and 2,6-dinitroanilines were prepared accord- 
ing to [12]. The purities of the compounds were checked by paper-chromatog- 
raphy, thin-layer chromatography on silica gel, and by comparing their melting 
points with the published data [12]. The infra-red absorption spectra were recorded 
on a Pe rk in -E lmer  621 spectrophotometer in KBr discs (2 mg/g KBr). The DTA 
measurements were carried out on the apparatus described earlier [12]. The com- 
pounds were tested in air with a heating rate of 4.5 deg �9 min -1 up to 400 ~ The 
sample weight was 50 mg, diluted by the same amount of glass powder, which was 
also used as reference material. 

Results and discussion 

Results on the thermal stabilities of N-substituted derivatives of 2,4- and 2,6- 
dinitroaniline and correlated frequencies of valence vibrations are given in Table 
1--3. The linear regressions for the studied nitroanilines and graphical plots are 
given in Table 3 and Figs 1 -  3, respectively. 

155C 

1540 o o 

>~ 153o 
0 0 

1520 

1510 : 

150C - -  

1490 

, 1 t t r I f t i + t I + + i ~ .  
250 3 0 0  350  

Temperclture ~oC 

Fig. 1. Correlation of frequencies of valence vibrations of nitro groups with decomposi- 
tion temperatures of 2,4-dinitroanilines: o va+ (ortho-NO~); �9 v~s(para-NO~) 
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In accordance with [13, 14], the absorption bands with wave numbers 1 5 4 2 -  
1516 cm -1 and 1517-1489  cm -1, respectively, were attributed to the antisymmet- 
ric vibrations of the o- and p-nitro groups in the 2,4-dinitroanilines. The frequen- 
cies of the antisymmetric valence vibrations vasNO 2 for both o- and p-nitro groups 
in derivatives of 2,4-dinitroanilines display a good linear dependence on the de- 
composition temperatures. The slope (B1 = - 0.153 or - 0.169, respectively) is 
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Fig. 2. Cor re la t ion  o f  f requenc ies  o f  valence vibrations of  p a r e - N O  2 g r o u p s  and  CAr-- NHz  
bonds with decomposition temperatures o f  2 , 4 - a n d  2,6-dinitroanilines: <3 vs(para-NOz);  
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Fig. 3. Cor re la t ion  o f  f requenc ies  o f  valence vibrations o f  CAr-- NO2 bonds with decomposi- 
tion temperatures of  2,4- a n d  2 ,6-dini t roani l ines :  o VAr--NO2(ortho) ( c o m p o u n d s  1 - - 1 3 ) ;  

�9 YeA r -  NO~(or tho)  ( c o m p o u n d s )  1-- 13, 14--  18) 
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Table 1 

Decomposit ion temperaturcs and frequencies of valence vibrations of ni tro groups 
of  N(R 1, R2)-2,4-dinitroanilines 

Com-  
pound 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Substi tuent  

R 1 R t 

H H 
H CH3 
H C2H~ 
H C4H 9 
H iso-C3H7 
H iso-C4H s 
CH 3 CH3 
C2H s C2H~ 
CH3 I CoH5 
H ' 2-NH2CoH 4 
H [ C 6 H  5 

H 1-CloH7 
C6H 5 C6Hs 

D T A  peak  
tempera ture  ~ 

(exotherrnie) 

346 
335 
313 
303 
311 
303 
239 
263 
332 
299 
356 
346 
375 

Vas(ortho-NO2) 

1527 
1525 
1528 
1542 
1527 
1527 
1542 
1532 
1533 
1519 
1521 
1518 
1516 

V(NOD cm -~ 

Vas(para-NO2) 

1501 
1496 
1505 
1500 
1510 
1506 
1517 
1506 
1496 
1502 
1500 
1489 
1490 

Vs (para-NO2) 

1303 
1310 
1307 
1313 
1310 
1311 
1323 
1320 
1286 
1308 
1310 
1304 
1308 

TaMe 2 

Decomposit ion temperatures and  frequencies of valence vibrat ion bands of 
CAr-NO 2 and CAr-NH2 of N(Rt,R2)-derivatives of 2,4- and  2,6-dinitroanilines 

Com- 
pound  

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

Substi tuent  

R1 R 2 

H H 

H CH a 
H Cell7 
H C4Ha 
H iso-CaH7 
H iso-C4Ha 

CH3 CH 3 
C2H5 C2H5 
CH3 C6H5 

H 2-NH2C6H~ 
H CoH 5 
H 1-C1oH7 

C~H5 C6H5 
H CH 3 

C 2 H  5 H, 

CH~ CH3 

CI~IH~ C2H5 
C6Hll 

D T A  peak  
tempera-  

ture ~ 
(exother- 

mic) 

346 
335 
313 
303 
311 
303 
239 
263 
332 
299 
356 
346 
375 
284 
271 
276 
276 
260 

vC Ar -- NOa 
(para)  

1133 
1137 
1137 
1138 
1141 
1135 
1118 
1127 
1134 
1132 
1145 
1143 
1156 

Frequency e r a -  1 

VCAr--NO2 VCAr--NO~ 
(ortho) (ortho) 

1126 1126 
1111 1111 
1111 1111 
1114 1114 
1113 1113 
1114 11114 
1096 1096 
1092 ]092 
1118 1118 
1117 1117 
1126 1126 
1130 1130 
1135 1135 

- -  1111 
- -  1 1 1 7  

. 1 1 0 0  

- -  1 1 1 7  

- -  1 1 0 5  

VCAr--NH2 

1289 
1287 
1276 
1281 
1284 
1270 
1271 
1281 
1286 
1276 
1284 
1280 
1283 

Compounds  1 4 - 1 8  are N-substi tuted 2,6-dinitroaniline derivatives. 
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Table 3 

Linear regression for N-substituted derivatives of 2,4- and 2,6-dinitroanilines according 
to the equation Y = B I X  + B o 

Stan- 
Confidence interval  dard  

Compound  Vibra t ion  B~ B~ r a n a (95 %) devia- 
t ion 

1-- 13 
1-- 13 
1--13 
1-- 13 
l-- 13 
1-- 13 
1-- 13, 

14-- 18 
1-- 13 

Vas (ortho-NO2) 
Vas (para-NO2) 
Vs (ortho-NO2) 
vs (para-NO2) 
VCAr-NO~ (para) 
Vca,- sos (ortho) 

v ~ (ortho) CAr-- 02 

?)CAr-- NH 2 

1576 
1555 
1337 
1354 
1070 
1021 

1038 

1250 

--0.153 
--0.169 
--0.008 
--0.143 

0.209 
0.300 

0.250 
0.097 

--0.699 
0.818 
0.063 
0.608 
0.861 
0.917 

0.836 
0.619 

13 --0.258; 
13 --0.248; 
13 --0.086; 
13 --0.267; 
13 0.127; 
13 0.213; 

18 0.163; 
13 0.016; 

- -  0.048 
- -  0.090 
--0.071 
--0.019 

0.290 
0.386 

0.336 
0.179 

0.048 
0.036 
0.036 
0.056 
0.037 
0.039 

0.041 
0.097 

a Bo regression constant; aB 1 regression coefficient; ar correlation coefficient; an number of 
members for correlation; chart values of correlation coefficients (confidence interval 95 %) 
0.55 (n = 11), 0.47 (n = 16); X decomposition temperature, ~ Y valence vibration. 

about  the same for the two nitro groups. This leads to the idea that  the mesomeric 
interaction of  the nitro groups with the benzene ring, which is the decisive factor 
for their vibration and the thermal stability of  the molecule, is nearly equally 
changed for both types of  nitro group upon  amino group steric distortion and 
other effects. 

However,  the correlation of  the symmetric valence vibrations vs(NO2) with 
exo peaks is not  so satisfying. The frequency of  the p-nitro group moves in a 
broader  interval (1323-1303  cm -a, excepting compound  9, with a frequency of  
1286 cm-1), than in the case of  the o-nitro group, and there is no direct connection 
with conjugation and steric effects, respectively. A somewhat  better dependence 
of  the compared data is given by the frequency of  the o-nitro group, which moves 
in a very narrow interval ( 1 3 3 9 - 1 3 3 l  cm -1, again excepting compound  9), but  
the slope o f  the correlation line is low (Ba = 0.008). The derivatives of  2 ,6 -DNA 
were not  taken into correlation because both  the anti- and the symmetric valence 
vibrations of  the nitro group give very poor  correlation parameters. 

The frequencies in the region of  1100 cm -1, which according to [15, 16] belong 
to the valence vibration of  the CA,-NO2 bond,  give very good correlations with 
the decomposit ion temperatures. The slopes are 0.210 and 0.300 for the p- and 
o-nitro groups, respectively. There was also a possibility to take into account  the 
values for the o-nitro group in 2 ,6-DNA (compounds  1 4 - 1 8 ) ,  without  a greater 
influence on the correlation coefficient. This fact accentuates the importance of  
the correlation. F r o m  the values of  the slopes it can l~e concluded that  the order 
for the aromatic  r i n g - n i t r o  group bond  is more sensitive to N-substi tut ion than 
is the N - O  bond,  and for this reason the CAr--NO2 frequency is the more sen- 
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sitive indicator concerning the thermal stability o f  2 ,4 -DNA and to some extent 
o f  2 ,6-DNA. 

The frequencies in the region 1 2 9 0 -  1270 cm -1 give a linear dependence within 
the limits of  reliability. This region of  valence vibration bands (attributed to 
C A r - N H  2 valence vibration) for  N - m o n o  and N-unsubsti tuted derivatives is 
overlapped by the very broad  absorpt ion of  the characteristic vibration of  the poly- 
cyclic system involving a hydrogen-bond (structure 1). For  this reason, the de- 
tection o f  single bands is very difficult and unreliable. The slope (B 1 = 0.097) 
indicates the direct relationship o f  the frequency and conjugation effect and the 
thermal stability expressed by the exo peaks. 

~N/H '"'0 

As regards deformat ion vibrations (scissoring, rocking, wagging) and skeletal 
vibration of  C - C  bonds (assigned 8a according to [17]) in relation to exo peaks, 
we did not  find any linear dependence. 
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RESUMI~ - -  O n  a 6tabli des corr61ations en t re  les t emp6ra tu re s  de d6compos i t ion  et les fr6- 
quences  de valence ainsi que  les v ibra t ions  de d6 fo rma t ion  des l ia isons dans  la s6rie des  d6riv6s 
N-subs t i tu6s  des 2.4- et 2 .6-dini t roani l ines  ( D N A ) .  Ces v ibra t ions  son t  d i rec tement  influenc6es 
pa r  la s t ruc tu re  du g roupe  ni t ro  et sa r6sonance  ainsi  que  son  in te rac t ion  induct ive  avec le 
n o y a u  benz~nique.  D e  l ' ana lyse  des spectres  in f ra - rouges  il ressor t  une  h a u t e  sensibili t6 de la 
f r6quence et, par  cons6quent ,  de l 'ordre  de la l ia ison CAr-Noz d6pendan t  du  caract6re de 
subs t i tu t ion  du  g roupe  amin6,  tandis  que  la f r6quence  des v ibra t ions  de valence du  g roupe  
ni t ro  n ' e s t  influenc6e que  peu.  Cependan t ,  la v ib ra t ion  de valence de CAr-NO2 est, en  m 6 m e  
temps ,  u n  indica teur  sensible  de la stabilit6 t h e r m i q u e  de la 2 . 4 - D N A  et 6ga lement  de la 2.6- 
D N A .  

ZUSAMMENFASSUNG - -  Z e r s e t z u n g s t e m p e r a t u r e n  wurden  mi t  Va lenzf requenzen  u n d  Defor -  
m a t i o n s b i n d u n g s v i b r a t i o n e n  einer Reihe  von  N - s u b s t i t u i e r t e r  Der iva te  yon  2.4- und  2.6- 
D in i t roan i l inen  ( D N A )  korreliert .  Diese  Vib ra t ionen  werden  unmi t t e lba r  von  der S t ruk tu r  
der N i t r o g r u p p e  sowie seiner R e s o n a n z  u n d  induk t iven  Wechse lwi rkung  mit  d e m  Benzol r ing  
beeinflul3t. A u s  der Ana l y se  der In f r a ro t spek t r a  geht  eine groBe Empf indl ichke i t  der F r e q u e n z  
u n d  folglich der B i n d u n g s o r d n u n g  CAr-NO 2 in Abh/ ingigkei t  v o m  Subs t i t u t i onscha rak t e r  
der  A m i n o g r u p p e  hervor ,  w~ihrend die F r e q u e n z e n  der Va lenzv ibra t ionen  der o - N i t r o g r u p p e  
n u t  wenig  beeinfluBt werden.  Jedocht  ist die Valenzv ibra t ion  von  CAr-NO e gleichzeitig ein 
empf indl icher  Ind ika to r  der t he rmischen  Stabilit/it yon  2 . 4 - D N A  wie auch  yon  2 . 6 - D N A .  

Pe3roMe --  B pully N-3aMemeunnx  2,4- n 2,6-~rlHnTpoarin.rmnoB ( ~ H A )  TeMnepaTypbi 6biJn, i 
cKoppeJmpoBanbI C qaCTOTaMH BaJleHTHbIX 1I lle~opMatlnOHHblX l~oJte6anl4~ CB~13e~. ~TH Kone- 
6 a n u s  Henocpe~cTBenHo CBn3aHbl CO cTpyKTypo~ HnwporpynnbI n ee Me3OMepHblM r[ rlH~yK- 
THBHblM B3aHMOJIeHCTBHeM C 6eH3OJlbHblM KOJlbHOM. AHaJIH3 ItHqbpaKpaCHblX cneKTpOB noKa- 
3aJ1 6OJIbUlytO tlyBCTBIfTeJIbHOCTb qaCTOTbI H, cJIe]lOBaTeJIbHO, nop~uIKa CB~t3tl Cap . -  N O  2 0 T  
xapaKTepa 3aMellleHH~I aMHHOFpynnbl. B TO me caMoe BpeMJ/ qaCTOTa BaJleHTHbIX KOJ'le6aHI4~l 
O-HIITporpylqnbI MaJIo H3MeH~teTCII. BMeCTe C TeM, BaJleHTHOe KoJle6aHtle Cap . -  N O  2 flBJDteTc~t 
xIyBCTBHTe.rlbHIMM noKa3aTeJleM TepMHqeCKOl4 yCTO~qI4BOCTH He TOJ]bKO ~YI$t 2,4-JIHHnTpoaHrI- 
~HHOB, HO TaK~Ke 14 )lJI~l 2,6-~IItHltTpOaHH~HHOB. 
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