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STUDIES ON ENERGETIC COUPOUNDS 

PART 7 THERMOLYSIS OF RING SUBSTITUTED 

ARYLAHHONIUH SALTS OF 3-NITR0-1,2,4-TRIAZOCE-S-ONE(NTO) 

Gurdip Singh . Ioder Pal Singh Kapoor, 
S .  Hudi Mannan and Sunfl Kumar Tiuari 

Chemistry Department, Gorakhpur University, 
Corakhpur - 2 7 3 0 0 9 .  India 

ABSTRACT 

Thermolysis of fifteen ring-substituted arylammonium 

salts of NTO (RSA NTOates, C-N02 explosive) have been 

studied by dynamic and isothermal T G ;  DTA and explosion 

delay measurements. Kinetics of their thermolysis was 

evaluatcdusing TG and explosion delay data. Some of the RSA 

NTOates have been found to liberate amine by N-H bond 

heterolysis prior to explosion whereas in other cases, 

amine part is not liberated. However formation of NO2 seems 

plausible to cause explosion. The oxidation-reduction 

reactions near the surface of thermolysing materials 

(RSA NTOatesl may be responsible for the decomposition of 

these salts prior to explosion. 
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INTRODUCTION 

As a p a r t  o f  o u r  o n g o i n g  programme t o  u n d e r s t a n d  

1-11 we t h e  mechan i sm O f  t h e r m o l y s i s  o f  e n e r g e t i c  m a t e r i a l s ,  

h a v e  s y n t h e s i s c d  a n d  c h a r a c t e r i s e d  t h e  r i n g - s u b s t i  t u t e d  

a ry lammonium s a l t s  of NTO ( R S A  NTOates)  r e p o r t e d  i n  o u r  

e a r l i e r  p a p e r l a .  The t h e r m o l y s i s  o f  t h e s e  s a l t s  i s  n o t  y e t  

r e p o r t e d  i n  l i t e r a t u r e .  However,  some w o r k e r s  h a v e  

i n v e s t i g a t e d  ammonium13 and  a l i p h a t i c  amine  s a l t s 1 4  o f  N T O .  

I n  t h e  p r e s e n t  c o m m u n i c a t i o n ,  we h a v e  c a r r i e d  o u t  t h e  

t h e r m o l y s i s  o f  R S A  NTOates u s i n g  TG, DTA a n d  e x p l o s i o n  

d e l a y  m e a s u r e m e n t s  a n d  p l a u s i b l e  p a t h w a y s  f o r  t h e i r  

d e c o m p o s i t i o n  h,ave also b e e n  p r o p o s e d .  

EXPERIMENTAL 

1. TG s t u d i e s  on NTO and RSANTOotes: 

( i )  Dynamic TG: 

Dynamic TG s t u d i e s  were u n d e r t a k e n  on i n d e g e n e o u s l y  

f a b r i c a t e d  TG a p p a r a t ~ s ' ~ .  The s a m p l e  (30 mg, 100-200 m e s h )  

was t a k e n  i n  a p l a t i n u m  c r u c i b l e  a n d  TG d a t a  were 

u n d e r t a k e n  i n  s t a t i c  a i r  a t  h e a t i n g  r a t e  o f  5OC/min. The 

p e r c e n t  decomposed  ( d 1 v a l u e s  a r e  p l o t t e d  a g a i n s t  

t e m p e r a t u r e ,  O C  ( F i g u r e  1) a n d  t h e  s d t  ( s t a r t i n g  
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d e c o m p o s i t i o n  t e m p e r a t u r e )  a n d  f d t  ( f i n a l  d e c o m p o s i t i o n  

t e m p e r a t u r e )  a r e  p r e s e n t e d  i n  T a b l e  J .  

( i i )  I s o t h e r m a l  TG: 

I s o t h e r m a l  TC s t u d i e s  on compound N o s .  

2 . 3 , 4 . 5 . 7 , 1 2 , 1 3  a n d  15 ( w e i g h t  30 mg., 1 0 0 - 2 0 0  mesh)  were 

t a k e n  i n  s t a t i c  a i r .  The a c c u r a c y  o f  t h e  f u r n a c e  was 2 I O C .  

The p e r c e n t  decomposed  ( d  1 v a l u e s  h a v e  b e e n  p l o t t e d  

a g a i n s t  t ime ( m i n u t e ) .  The  a c t i v a t i o n  e n e r g y  for 

d e c o m p o s i t i o n  (Ed)  v a l u e s  were o b t a i n e d  u s i n g  Avrami-  

E r o f e e v  n = 2 )  e q u a t i o n  (1) 16-18, ( T a b l e  2 ) .  

. . . . ( 1 )  

2.  DTA s t u d i e s  on NTO a n d  RSANTOates:  

DTA s t u d i e s  on  compound N o s .  1 , 3 , 4 , 5 , 9 , 1 1  a n d  16 

were c a r r i e d  o u t  i n  s t a t i c  a i r  a t  HEMRL, Pune  u s i n g  5 . 0  m g  

( 1 0 0 - 2 0 0  mesh)  o f  t h e  s a m p l e s  a t  a h e a t i n g  r a t e  o f  10°C/min 

a n d  t h e r m o g r a m s  a r e  g i v e n  i n  Figure 2 .  

3. Explosion d e l a y  m e a s u r e m e n t s  on NTO a n d  R S A N T O a t e s :  

The e x p l o s i o n  d e l a y  ( D E )  m e a s u r e m e n t s  were  

u n d e r t a k e n  by t h e  t u b e  f u r n a c e  (TFJ t e c h n i q u e  a s  d e s c r i b e d  

i n  o u r  e a r l i e r  p u b l i c a t i o n s  . The s a m p l e  ( w e i g h t  = 20 mg, 1 - 4  
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100-200  m e s h )  was t a k e n  i n  i g n i t i o n  t u b e  ( 5  c m  l e n g t h  a n d  

0 . 4  cm d i a m e t e r )  a n d  t h e  time i n t e r v a l  b e t w e e n  t h e  

i n s e r t i o n  o f  t h e  t u b e  i n t o  t h e  TF a n d  t h e  moment o f  a n  

a u d i b l e  e x p l o s i o n ,  n o t e d  w i t h  t h e  h e l p  o f  a s t o p  w a t c h  w i t h  

a c c u r a c y  of 0 . 1  s e c o n d ,  g a v e  t h e  v a l u e  o f  DE. The  i g n i t i o n  

t u b e  l o a d e d  wit :h  t h e  s a m p l e ,  c l a m p e d  i n  a b e n t  w i r e ,  was  

i n s e r t e d  m a n u a l l y  i n t o  t h e  TF u p t o  a f i x  d e p t h  f 8 cm) j u s t  

a b o v e  t h e  p r o b e  o f  t h e  t e m p e r a t u r e  i n d i c a t o r  c u m  c o n t r o l l e r  

( C e n t u r y ,  CT 8 0 8 T ) .  T h e  time t a k e n  f o r  i n s e r t i o n  o f  t h e  

i g n i t i o n  t u b e  w a s  a l s o  k e p t  c o n s t a n t  t h r o u g h o u t  t h e  

m e a s u r e m e n t s .  T h e  a c c u r a c y  o f  TF w a s  : l a c .  E a c h  r e a d i n g  was 

r e p e a t e d  t h r e e  t imes ,  a n d  mean D E  v a l u e s  a r e  r e p o r t e d  i n  

T a b l e  3. T h e e x p l o s i o n  t e m p e r a t u r e  ( E T )  f o r  t h e r e  s a m p l e s  

were t a k e n  a t  DE o f  1 5  s e c o n d s a n d  d a t a  a r e  g i v e n  i n  T a b l e  

3. DE d a t a  w e r e  f o u n d  t o  f i t  i n  t h e  f o l l o w i n g  

e q u a t i o n  ( 2 )  1 9 - 2 1  

* 
w h e r e  E i s  t h e  a c t i v a t i o n  e n e r g y  f o r  e x p l o s i o n  a n d  T i s  

t h e  a b s o l u t e  t e m p e r a t u r e .  T y p i c a l  p l o t s  a r e  shown i n  

F i g u r e  3. 

RESULTS AND DISCUSSION 

TG r e su l t s  r e p o r t e d  i n  F i g u r e  1 a n d  T a b l e  1 c l e a r l y  

s h o w  t h a t  t w o  t y p e s  of d e c o m p o s i t i o n  m e c h a n i s m s  a r e  
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i n v o l v e d  f o r  t h e  t h e r m o l y s i s  o f  R S A  NTOates .  Compound Nos. 

2-5,7,12,13 a n d  15 ( F i g u r e  1 A )  seems t o  d e c o m p o s e  i n  two 

s t e p s ,  f i r s t l y  a m i n e  p a r t  i s  g i v e n  o f f  l e a v i n g  NTO w h i c h  

t h e n  t h e r m o l y z e  t o  l i b e r a t e  g a s e o u s  p r o d u c t s .  L i b e r a t i o n  o f  

a m i n e s  d o e s  n o t  seem t o  i n v o l v e  d u r i n g  t h e r m o l y s i s  o f  r e s t  

o f  t h e  compounds  ( F i g u r e  1B). They a r e  g i v i n g  s i g m o i d a l  

C u r v e s  a n d  t h e  w h o l e  m o l e c u l e  s e e m s  t o  decompose  t o  g a s e o u s  

p r o d u c t s .  Two t y p e s  of DTA t h e r m o g r a m s  ( F i g u r e  2 )  a r e  a l s o  

o b t a i n e d  f o r  t h e s e  compounds .  The l i b e r a t i o n  o f  a m i n e s  i s  

q u i t e  e v i d e n t  i n  c a s e  o f  compound N o s .  3 8 5 a s  t h e  

t e m p e r a t u r e  a n d  s h a p e  of e x o t h e r m i c  p e a k s  ( v e r y  s h a r p )  a r e  

q u i t e  c o m p a r a b l e  w i t h  t h a t  o f  N T O .  On t h e  o t h e r  h a n d ,  

compound Nos.  9,11 a n d  16 g a v e  s m a l l e r  a n d  medium e x o t h e r m s  

a t  l o w e r  t e m p e r a t u r e s  a s  c o m p a r e d  t o  N T O .  M o r e o v e r ,  t h e s e  

a r e  n o t  s u p e r i m p o s a b l e  w i t h  NTO p e a k .  

The d e c o m p o s i t i o n  p a t h w a y s  ( a  a n d  b )  shown i n  

Scheme I a r e  b a s e d  on t h e  T G  r e s u l t s  d e s c r i b e d  a b o v e .  I t  

seems t h a t  RSR NTOates  ( I )  d e c o m p o s e s  i n  s o l i d  p h a s e ,  v i a  

p r o t o n  t r a n s f e r  ( N - H  bond h e t e r o l y s i s )  t o  f o r m  
22,23 

c o r r e s p o n d i n g  a m i n e  a n d  NTO m o l e c u l e s .  I t  i s  r e p o r t e d  

t h a t  t h e  b a s i c i t y  o f  t h e  a n i o n  (3-Nitro-1,?,4-triazole-5- 

o n a t e )  i n c r e a s e s  w i t h  t h e  r i s e  i n  t e m p e r a t u r e  t i l l  i t  

r e a c h e s  t h e  b a s i c  s t r e n g t h  o f  t h e  a r y l a m i n e .  A t  t h i s  
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t e m p e r a t u r e ,  t h e  a n i o n  b a s e  r e m o v e s  t h e  p r o t o n  from 

a r y l a m m o n i u m  i o n  t o  g e n e r a t e  c o r r e s p o n d i n g  a r y l a m i n e  a n d  

NTO m o l e c u l e s .  H o w e v e r ,  t h e  N-H b o n d  h e t e r o l y s i s  o c c u r s  

t h r o u g h  a n  a c t i v a t e d  c o m p l e x  ( S c h e m e  I ,  s t e p  1 ) .  P r o t o n  

t r a n s f e r  seems t o  o c c u r  i n  c a s e  o f  compound N o s .  2 - 5 , 7 , 1 2 1 3  

a n d  15 ( F i g u r e  1 A ) .  F u r t h e r ,  t h e  a r y l a m i n e  i s  g i v e n  o f f  a s  

v a p o u r s  a t  h i g h e r  t e m p e r a t u r e s  ( F i g u r e  1 A .  P a r t  a -b) .  

The & v a l u e s ;  e x p e r i m e n t a l  a n d  t h e o r e t i c a l ,  r e p r e s e n t e d  i n  

T a b l e  1 a l s o  s u p p o r t  t h e  e v o l u t i o n  o f  a m i n e s .  S u c h  t y p e  o f  

p r o t o n  t r a n s f e r  h a s  a l s o  b e e n  r e p o r t e d  b y  many 

w o r k e r s  1'2'5'6'24-29 f o r  v a r i o u s  ammonium s a l t s .  P a r t  b 3 c  

o f  t h e  C u r v e  ( F i g u r e  1 A )  r e p r e s e n t s  t h e  s t a b i l i t y  o f  t h e  

NTO i n  t h e  t e m p e r a t u r e  r a n g e  ( m 1 7 5 - 2 7 5 c C ) .  T h e  NTO 

d e c o m p o s i t i o n  s e e m s  t o  i n v o l v e  t h e  f o r m a t i o n  o f  N O 2  a s  

r e p o r t e d  30'31 e a r l i e r .  NO2 may r a p i d l y  r e a c t s  w i t h  t h e  

h e t e r o c y c l i c  b a c k b o n e  ( F i g u r e  JA,  P a r t  c - t d )  t o  c a u s e  

e x p l o s i o n  l i b e r a t i n g  s e c o n d a r y  o x i d a t i o n  a n d  r e d u c t i o n  

p r o d u c t s  o f  c a r b o n  a n d  n i t r o g e n  ( s t e p  3 ,  Scheme 1). 

Compound N o s .  6 , 8 , 9 , 1 0 , 1 1 , 1 4  a n d  16 seems t o  d e c o m p o s e  v i a  

N O 2  f o r m a t i o n  f o l l o w e d  by  o x i d a t i o n  - r e d u c t i o n  r e a c t i o n s  

( S c h e m e  I,  r o u t e  2 a  a n d  b )  t o  c a u s e  e x p l o s i o n .  I t  i s  v e r y  

c l e a r  f r o m  t h e  T a b l e  1 t h a t  among t h e  s e r i e s  A NTOate a n d  

s a l t s  h a v i n g  s u b s t i t u e n t s  2-CH3, 3 - C l f 3 ,  4 -CH3.  3 - C 1 ,  4 - N O 2 ,  

2-OCH3 a n d  2-OC2H5 h a v e  l o w e r  s d t  ( <  1 0 0 ° C )  w h e r e a s  4 - C 0 2 t l A  

NTOate  s h o w e d  t h e  h i g h e s t  v a l u e  o f  s d t  ( 1 3 8 ' C )  a n d  f d t  

( 3 7 2 O C ) .  
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The k i n e t i c s  o f  t h e  t h e r m a l  d e c o m p o s i t i o n  o f  

RSA NTOates  (R=H, 2-CH3, 3-CH3, 4 - C H 3 ,  3-C1, 2-OCH3, 3-OCH3 

a n d  2 - O C 2 H 5 )  was e v a l u a t e d  u s i n g  A v r a m i - E r o f e e v  ( n - 2 )  

e q u a t i o n  a n d  t h e i r  r a t e  c o n s t a n t  a n d  a c t i v a t i o n  e n e r g y  f o r  

t h e r m a l  d e c o m p o s i t i o n  ( E  1 a t e  p r e s e n t e d  i n  T a b l e  2 .  T h u s ,  

i t  is i n f e r r e d  t h a t  t h e  r a t e  c o n t r o l l i n g  p r o c e s s ,  i n  t h e  

t h e r m a l  d e c o m p o s i t i o n  of RSA NTOates ,  i s  t w o - d i m e n s i o n a l  

random n u c l e a t i o n  f o l l o w e d  by t h e  g r o w t h  o f  n u c l e i .  

d 

A l t h o u g h  a l l  t h e  RSA NTOates  a r e  f o u n d  t o  b e  q u i t e  

s t a b l e  a t  room t e m p e r a t u r e ,  b u t  t h e y  e x p l o d e  when s u b j e c t e d  

t o  h i g h e r  t e m p e r a t u r e s  ( >  4 5 0 O C ) .  T h e r e f o r e  i t  was  deemed 

t o  b e  o f  i n t e r e s t  t o  u n d e r t a k e  e x p l o s i o n  d e l a y  

m e a s u r e m e n t s .  A l l  t h e  RSANTOates  g a v e  h i g h e r  v a l u e s  DE a n d  

ET a s  c o m p a r e d  t o  NTO. I t  i s  o b s e r v e d  t h a t  t h e  E v a l u e s  
* 

a r e  n e a r l y  h a l f  o f  t h e  Ed v a l u e s .  I t  is r e p o r t e d  t h a t  

k i n e t i c  p a r a m e t e r s  v a r y  w i t h  e x p e r i m e n t a l  c o n d i t i o n s  
32.33 

S u m m a r i s i n g  t h e  d a t a  i t  c a n  b e  c o n c l u d e d  t h a t  

t h e r m o l y s i s  o f  some o f  t h e  R S A  NTOates i n v o l v e  e v o l u t i o n  

o f  a m i n e s  p r i o r  t o  e x p l o s i o n .  The o t h e r  t y p e  o f  R S A  NTOates  

e x p l o d e  w i t h o u t  l i b e r a t i o n  o f  a m i n e .  
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Figure 1 : 

( A )  

(BI 

a -  4 
0 -  5 
A -  7 
;x - 12 
Id- 13 
x -  15 

TG T h e r m o g r a m s  o f  NTO a n d  R S A N T O a t c s .  

l=NTO; 2 = H ;  3=2-CH3; 4=4-CH3; 5=4-CH3; 7=3-C1; 

12=2-OCH3; 13=3-OCH3; 1 5 = O C 2 H 5  

6 = 2 - C 1 ;  8=2-N02; 9 = 3 - N 0 2 ;  10=4-N02; ll=4-C02H; 

14=4-OCH3; 16=4-OC2H5. 
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END( i 

pp/ (16) 

I t  I 1 1 1 

100 150 200 250 300 350 

T ( " C )  
F i g u r e  2 : 

D T A  T r a c e s  o f  NTO a n d  R S A  N T O a t e s .  

l = N T O ;  3 = 2 , - C H 3 ;  4 = C H 3 ;  5 = 4 - C H 3 ;  9 = 3 - N 0 2 ;  l l = 4 - C . 0 2 H ;  

1 6 = 4 - O C 2 H 5 .  
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Figure 3 : 

P l o t s  of Log D E  V S  1/T ( O K )  f o r  N T O  and R S A  NTOates. 
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R 5 A  NTOa t e  

Zb HI\FNJIH 
:: j 

L 

E x p l o s i o n  

( 1 1 )  
A c t i v a t e d  complex 

PT - P r o t o n  t r a n : ; f e r ,  

S C h e E a  I - S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e r m o l y s i s  o f  RSANTOates 
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