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NITROPHENATES OF TRANSITION METALS 
PART 11. DTA, EXPLOSION DELAY, IMPACT AND FRICTION 

SENSlT IV 1 TY STUD 1 ES 
t 

Gurdip S ingh ,  I n d e r  Pa l  Singh Kapoor a n d  S .  Mudi Mannan 

Gorakhpur  - 273 009. I n d i a .  
Department of Chemistry, University of Gorakhpur ,  

Thermolysis of ni t rophenates  (C-N02 explos ives)  of 

t r a n s i t i o n  metals of 3d-series have  been s tudied by DTA, impact ,  

f r ic t ion ,  a n d  explosion de lay  measurements. Explosion delay 

( D E ) ,  explosion tempera ture  (ET), ac t iva t ion  energy for explosion 

(E*), a n d  height  for 50% explosion ( h  ) have been found to be 

in the  order :  t r i n i t r o < d i n i t r o <  mononitrophenates of t r a n s i t i o n  

metals. Only t r in i t rophenates  have been found to  be fr ic t ion 

sens i t ive .  I t  h a s  been observed t h a t  these s a l t s  d e h y d r a t e  below 

lL0"C a n d  a t  higher  temperatures  corresponding metal oxide a n d  

ni t ro  s u b s t i t u t ed di p h en y l e  t h e r s ( a s i n t ermed i a t  es 1 a r e formed . T he 

oxida t ive  decomposition react ions seem to occur in adsorbed 

phase  between NOZ, MO, a n d  rad ica l  species  lead ing  to 

explosion. 

50% 
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1 NTRODUCT ION 

A s  p a r t  of ongoing  programme to  u n d e r s t a n d  t h e  machanism 

of thermolys is  of e n e r g e t i c  m a t e r i a l s  2-13 we h a v e  s y n t h e s i s e d  

a n d  c h a r a c t e r i s e d  t h e  n i t r o p h e n a t e s  of t r a n s i t i o n  metals  ( N P T M )  

of 3d-ser ies  a n d  t h e s e  s t u d i e s  a r e  repor ted  i n  o u r  prev ious  

paper! S tudies  on thermolys is  of NPTM a r e  q u i t e  m e a g r e  a n d  

14-24 machanism of t h e i r  thermolys is  is  f a r  from understood.  

Therefore ,  DTA, explos ion  d e l a y ,  impact a n d  f r i c t i o n  s e n s i t i v i t y  

i n v e s t i g a t i o n s  o n  NPTM h a v e  been u n d e r t a k e n ,  which a r e  

d i s c u s s e d  i n  t h i s  p r e s e n t  communicat ion.  I t  h a s  been o b s e r v e d  

t h a t  explos ion  t e m p e r a t u r e  ( E T )  i s  l i n e a r  wi th  O/H, H / N 0 2  

r a t i o s ,  number  of n i t r o  g r o u p s  a n d  ve loc i ty  of de tona t ion  ( V O D ) .  

A d e t a i l e d  thermoly t ic  p a t h w a y s  l e a d i n g  to  explos ion  h a v e  a l s o  

been  e l u c i d a t e d .  

EXPERIMENTAL 

DTA S t u d i e s  o n  NPTM 

DTA s t u d i e s  were  c a r r i e d  out  from 20*C t o  450’C a t  s t a t i c  

a i r ,  by  u s i n g  a DTA a p p a r a t u s  f a b r i c a t e d  a t  Explos ives  Research 

& Development Labora tory  (ERDL), P u n e ,  a t  a h e a t i n g  ra te  of 

10*C/min. 5 mg of NPTM s a m p l e  (100-200 mesh)  was t a k e n  i n  a n  

open p la t inum c u p  , a n d  c a l c i n e d  a l u m i n a  w a s  t a k e n  i n  a n o t h e r  

p l a t i n u m  c u p  a s  r e f e r e n c e  sample .  T h e D T  w a s  r e c o r d e d  wi th  t h e  

h e l p  of Pt-Pt(Rh 13%) thermocouple .  The D T A  c u r v e s  for  a l l  NPTM 

a r e  presented  in  F i g u r e  1 a n d  recorded decomposition 

t e m p e r a t u r e s  ( T d )  a r e  reported in T a b l e  1. 
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Explosion Delay Measurements on NPTM 

The explosion de lay  measurements were undertaken by the  

t u b e  f u r n a c e  (TF) technique a s  descr ibed in our  e a r l i e r  

pub1 icat ions.  2 ’3’5p6 The sample ( w t .  = 10 rng, 100-200 mesh) was 

t a k e n  in  a n  igni t ion tube  (5 cm length a n d  0.L c m  d iameter )  

a n d  t h e  time i n t e r v a l  between the  inser t ion of t h e  igni t ion t u b e  

into t h e  TF a n d  t h e  moment of a n  audib le  explosion,  noted w i t h  

t h e  he lp  of a stop watch with accuracy  to  0 . 1  s ,  g a v e  the  v a l u e  

of explosion de lay  ( D E ) .  The ignition tube loaded with the 

sample,  clamped in  a bent wi re ,  was inser ted m a n u a l l y  into 

t h e  T F  upto a f i x  depth ( 7  cm) just  above t h e  probe of the  

temperature- indicator  cum cont ro l le r  (Century.  CT808T). The time 

t a k e n  for  inser t ion of t h e  igni t ion tube  was a l s o  kept  constant  

throughout  the  measurements. The accuracy  of t h e  TF was 2 1 C. 

Each r u n  was repeated three times, a n d  mean D E  va lues  a r e  

reported i n  Table  2. The explosion tempera ture  (ET) for these 

compounds were t a k e n  a t  D E  of 10 s and d a t a  a r e  g iven  i n  

a 

Table  1. DE d a t a  were found t o  f i t  i n  t h e  following 

equat ion 2,25 -2 7 

E/RT l / D E  = A e ( 1 )  

* 
where  E is the ac t iva t ion  energy for  explosion and  T is the  

absolute  tempera ture .  Typical  plots  a r e  shown in F igure  2.  The 

E a n d  cor re la t ion  coefficient ( r )  va lues  a r e  reported in  Table  2. 
* 
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Impact S e n s i t i v i t y  Measurements  o n  NPTM 

Impact s e n s i t i v i t y  measurements  were c a r r i e d  o u t  by a n  

impact  machine  f o r  h igh  explos ives  a t  E R D L ,  Pune.  I t  c o n s i s t s  

of 1 inch  long s t r i k e r  a n d  a 1 inch long  a n v i l  machined to  

1.5 cm d i a m e t e r  a n d  h a r d e n e d  to  t h e  b a s e .  A c o n i c a l  h e a p ,  

compr is ing  a b o u t  10 mg of t h e  s a m p l e  (100-200 mesh)  is centered  

o n  t h e  a n v i l  o v e r  a p iece  of a luminium f o i l  ( t h i c k n e s s  

0.005-0.01 m m )  a n d  t h e  sample  was a l s o  c o v e r e d  with foil.  The 

s t r i k e r  is then  h i t  b y  a 2 kg weight  d r o p p e d  from h e i g h t s ,  

which a r e  v a r r i e d  accord ing  t o  t h e  Bruceton " s t a i r e  case"  

method. T h i s  d e s i g n  permi ts  t h e  c a l c u l a t i o n  of h e i g h t  from which 

d r o p s  wil l  c a u s e  50% explos ions .  The h50% d a t a  r e p o r t e d  in 

T a b l e  1 w a s  de te rmined  from 25 shot  sequences.  

Fr ic t ion  S e n s i t i v i t y  Measurements  o n  NPTM 

Fr ic t ion  s e n s i t i v i t y  measurements  were  c a r r i e d  out  by 

f r ic t ion  s e n s i t i v e  a p p a r a t u s  for  h igh  explos ives  ( J u l i u s  P e t e r s ,  

Berlin-21) at  E R D L ,  P u n e ,  to  f i n d  o u t  t h e  f r i c t i o n  i n s e n s i t i v e  

l imi t  in  kg a n d  t h a t  l imi t  was  confirmed by f ive  r u n s .  The 

sample ( w t .  = 5 mg, 100-200 mesh) was  p l a c e d  o v e r  t h e  ceramic  

f r ic t ion  p l a t e  ( h a r d n e s s  7-9 m h o ' s  s c a l e ,  Roughness 

prof i le  = 12.3 my). The prede termined  weight  w a s  a p p l i e d  o v e r  

t h e  sample  through the  f r ic t ion  p i n  a n d  t h e  s a m p l e  was  

subjec ted  to  f r ic t ion .  The f r i c t i o n  i n s e n s i t i v i t y  d a t a  are  g i v e n  i n  

Table  1 .  
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RESULTS AND DISCUSSION 

DTA ( F i g u r e  1) d a t a  presented in  Table  1 c l e a r l y  show 

t h a t  decomposition tempera ture  ( T d )  j s  i n  the  order :  

mononitrophenate ( M N P )  > din i t rophenate  ( D N P )  > t r in i t rophenate  

(TNP),  except Mn, Ni a n d  Zn-TNP, the  deviat ion may be  due  to 

t h e i r  highly hydra ted  forms. All ni t rophenates  gave  s ingle  

exotherm (In-TNP showed two exotherms) ,  which confirm the  

involvement of exothermic decomposition react ions jus t  pr ior  to 

explosion. 

Although, ni t rophenates  a r e  q u i t e  s t a b l e  a t  room 

temperature  but they explode when subjected to sudden high 

temperatures .  Therefore, i t  was thought of g r e a t  in te res t  to 

under take  explosion de lay  (DE) measurements o n  these  s a l t s .  At 

3OO0C, al l  l"P a n d  few DNP (Ni & Mn) get  exploded (Table  21,  

whereas ,  MNP of al l  metals d i d  not explode a t  a l l .  Only colour  

c h a n g e  a n d  melting i n  few cases  where observed.  The DE v a l u e s  

measured in the temperature  r a n g e  325-600: a r e  found to b e  in 

t h e  order :  MNP>DNP>TNP. The metal ions seem to exer t  the 

c a t a l y t i c  effect d u r i n g  thermolysis of NPThl in  t h e  order :  Mn>Fe 

>Ni>Zn>Co>Cu. The number of ni t ro  groups ,  O/H & H/NOZ ra t ios  

a n d  VOD (ca lcu la ted  us ing  Martin a n d  Yal lop ' s  re la t ionsz8)  f o r  

NPTM have  been found to be  l i n e a r  with t h e  ET (F igures  3-51. 

These f ind ings  suggest  t h a t  the thermal  s t a b i l i t y  of NPTM 

decreases  with t h e  increase  in  t h e  number of n i t ro  groups ,which  

is  cont rad ic tory  to  Agrawal. 19'20 However, number of water  of 
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c r y s t a l l i s a t i o n  was a l s o  found to d e p e n d  upon t h e  number  of 

n i t r o  g r o u p s .  T h i s  may b e  d u e  t o  t h e  p o s s i b i l i t y  of hydrogen  

bonding between t h e  w a t e r  molecules a n d  n i t r o  g r o u p s .  The 

f i t t i n g  of DE data  i n  e q u a t i o n  (1) g a v e  v e r y  h i g h  c o r r e l a t i o n  

coeff ic ient  v a l u e s  ( r )  ( T a b l e  2 )  a n d  E* v a l u e s  are  i n  t h e  r a n g e  

24.8 - 36.9 kj mol-l. In  o r d e r  to  u n d e r s t a n d  t h e  machanism of 

explos ion ,  chemica l  a n a l y s e s  of t h e  i n t e r m e d i a t e  g a s e o u s  a n d  

so l id  p r o d u c t s  were done a n d  rnachanis t ic  p a t h w a y s  for  t h e  

thermolys is  of N P T M  h a s  been proposed i n  t h e  Scheme. 

The NPTM u n d e r g o  complete  d e h y d r a t i o n  below 1hO O C  

(Scheme, s tep  1 )  t o  form a n h y d r a t e d  spec ies  ( I ) ,  ( 1 1 )  & ( I l l )  

(confirmed by  T G ) .  The n e g a t i v e  c h a r g e  on  phenol ic  oxygen  atom 

i s  d i r e c t l y  conjugated  with t h e  benzene r i n g .  The e lec t ron  

w i t h d r a w a l  b y  -NO g r o u p ( s )  would d e a c t i v a t e  t h e  benzene r i n g  

a n d  consequent ly  t h e  C-0 bond i n  t h e  n i t r o s u b s t i t u t e d  phenoxy 

ion  g e t s  weakened.  This  protocol  f a v o u r s  t h e  formation of 

cor responding  metal  o x i d e s  a n d  d i n i t r o d i p h e n y l e t h e r  ( V ) ,  

t e t r a n i t r o d i p h e n y l e t h e r  ( V )  , a n d  h e x a n i t r o d i p h e n y l e t h e r  V I  1 

from ( I ) ,  (11) a n d  (111) respec t ive ly .  However, MO formation 

wil l  be  f a c i l i t a t e d  i n  c a s e  of  (111)  a n d  d e c r e a s e s  from ( 1 1 )  to 

(1 )  v i a  s tep  2. The t e m p e r a t u r e  for  s t e p  2 were  found to be  

lowered from MNP to  TNP. Thus  TNP a r e  found to  be  thermal ly  

l e a s t  s t a b l e  a n d  MNP a r e  t h e  most one.  Step 2 seems to b e  t h e  

ra te -cont ro l l ing  s t e p  i n  t h e  thermolys is  a n d  explosion of NPTM. 

2 
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Nitrosubst i tuted diphenylethers  ( I V ) ,  ( V )  & ( V I )  formed 

“in s i t u ”  a r e  t r a n s i t o r y  a n d  t h e i r  s t a b i l i t y  is governed by many 

factors: ( i )  f r e e  rotat ion about  C-0-C l inkage  is total ly  

res t r ic ted  due to t h e  presence of ni t ro  g r o u p ( s )  a t  ortho 

pos i t ion(s )  a n d  s t e r i c  hinderence increases  from MNP to TNP 

( i i )  repuls ion between loan p a i r  of e t h e r i a l  oxygen a n d  C-0-C 

bonding p a i r s  may lead  t o  des tab i l i sa t ion  ( T N P  > D N P > M N P )  of 

these molecules ( i i i )  fur thermore,  resonance interact ion between 

unshared  electron p a i r s  of e ther ia l  oxygen a n d  the  ni t rosubst i tuted 

r i n g s  would enhance t h e  posi t ive c h a r g e  on  e t h e r i a l  oxygen atom 

from (IV) t o  (VI). 

Step 3 involves the  formation of d iphenyle ther  r a d i c a l s  and 

NO2 molecules a longwith MO (confirmed by T G )  in  adsorbed phase.  

I t  h a s  been reported 29 ’30  t h a t  NO2 r e a c t s  with c a r b o n  to  produce 

NO a n d  C02. Subsequent ly ,  NO a n d  water  react  to form N H 3  a n d  

02. I t  h a s  been observed t h a t  the r a t e  of evolution of ammonia 

(confirmed by chemical a n a l y s i s )  is more in c a s e  of TNP a n d  

decreases  from D N P  to MNP. Theoret ical ly ,  the  formation of NO2 

(confirmed by chemical a n a l y s i s )  would be higher  in ( V I )  a s  

compared to  ( I V )  & ( V )  a n d  consequent ly ,  t h e  rates  of ox ida t ive  

reac t ions  would be  i n  the  order :  T N P > D N P > M N P .  This is because 

one -NO2 group fac i l i t a tes  the removal of o ther  -NOZ group b y  

e lectron wi thdrawal .  The oxida t ive  degrada t ion  reac t ions  between 

NO a n d  d iphenyle ther  r a d i c a l  c a u s e  r ing r u p t u r e  which leads  t o  2 
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explosion ( s t e p  4 )  a n d  g a s e o u s  products  a r e  formed. I t  h a s  been 

r e p o r t e d  3i-33 t h a t  explos ion  p r o d u c t s  of C-H-N-0 e x p l o s i v e s  are 

p r i m a r i l y  w a t e r ,  n i t rogen  a n d  c a r b o n  oxides  a n d  s imple  o r g a n i c  

molecules l i k e  formaldehyde .  I t  i s  also reported3' t h a t  t h e  i n j t i a l  

r e a c t i o n  is  t h e  c l e a v a g e  of C-N02 bond i n  polyni t roaromat ics  a n d  

a n  i n c r e a s e  in  t h e  number of n i t r o  g r o u p s  l e a d s  to i n c r e a s e  i n  

t h e  number  of p o t e n t i a l  i n i t i a t i o n  s i t e s .  I n  NPTM. MO fromation 

would also c a t a l y s e  condensed  p h a s e  reac t ions  i n  s tep  6. 

The impact  s e n s i t i v i t y  of NPTM was found to  b e  in  t h e  

order :  M N P < D N P < T N P  ( T a b l e  2 ) .  A l l  t h e  TNP h a v e  been found t o  

be  f r ic t ion  s e n s i t i v e  w h e r e a s ,  M N P  a n d  D N P  a r e  insens i t ive .  

Fe-TNP seems to b e  more s e n s i t i v e  towards  impact  a n d  f r i c t i o n  

w h e r e a s ,  Zn-TNP is t h e  l e a s t  one .  
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FIGURE 1 

DTA T r a c e s  of Ni t rophenates  of T r a n s i t i o n  Metals. 
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P l o t s  of ET v e r s u s  Number of Nltro g r o u p s  f o r  
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FIGURE 4 
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Nitrophenates of Transi t ion Metals. 
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Nitrophenates of Transition Metals. 
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