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MASS SPECTRAL AND THERMAL STUDIES ON EXPLOSION OF LEAD SALTS OF 
PICRAHIC k C I D  AND 2,q-DINITRO PHENOL. 

S.R.Yoganarasimhan, 13.- Reddy and Sudhir  Achar 

I D L  NitroNobel Basic Research I n s t i t u t e ,  Post  Bag.397 

Halleswaram, Bangalore 560 003, India .  

ABSTRACT 

The mass s p e o t r a l  r t u d l e s  on t h e  rlow decomposition and 

oxploaion o f  lead sa l t s  of 2,4 4 i n i t r o p h e n o l  and 2-amino-4, 6- 

din i t rophenol  show d i s t i n c t  d i f f e r e n c e s  i n  the  r e a c t i o n  pathways 

or t h e  two sal ts .  The low temperature decomposition occurs  i n  two 

s t a g e 8  or an explosion fol lowlng a slow decomposition, where a8 

both r a l t o  explode I n  an overlapping complex p a t t e r n  a t  high 

tempera twee .  The decomposition pathways are predicted by 

unalysing t h e  fragmentat ion pa t te rns .  The r e s u l t s  are rugges t ive  

of i t r a t  s t e p  of t h e  r e a c t i o n  t o  be a rupture  of t h e  Pb-0 linkage. 

Thermal s t u d i e s  supplementing t h e  mass s p e c t r a l  d a t a  show t h a t  

lead  pioramto I8 moro brlmsnt thnn loud r a l t  o f  2,4 

dln i t rophenol .  This  is a t t r i b u t e d  t o  a higher  degree of covalency 

or t h e  Pb-0 bond i n  picramate r e l a t i v e  t o  d l n i t r o  phenolate. 
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INTRODUCTION 

A knowledgs of exploalve deoompoaltlon of' laad oul ta  of 

nltrophanols 1s lmportant from the polnt of vlew o f  t h e l r  

appl tca t lon  t n  exploslve devlces. 2,4,6 - t r ln l t ro-1 ,  3-benzene- 

I I L I J L  h a d  rrlt (uuiwuonty, ual  to11 l u ~ i d  aLyptiiiuLu, U) IICW houri 

studled i n  some d e t a l l  and 2,4 - dlnitro-1, 3-benzene4101 lead 

a a l t  (Laad d l n l t r o  raeorolnate, LDNR) hd,J been only reoently 

studled even though the compound is belng used  i n  igni t ion 

coloposltlona for about 50 years. Tlme resolved mass epaotroscopy 

by alsotron Lmpuot haa buun r f r e o t l v o l y  usud t o  predlot t h e  

reaotlon pathways of Ls apd L D N R .  Tho concept of s l a l l a r l t y  In 

reaot lon pathways o f  exploslve decomposltlona and those under 

e lec t ron  Lmpact oondltlone or lg ina l ly  emandted from Torsel l  and 

Ryhage who predlcted t h e  l lke ly  reactlon paths d u r l n g  t h e  

pyrolyale of a l l p h a t l c  n l t r o  compounds. Heyerson e t , a l  were of  

1 2 

3 
4 

the vlew t h a t  the prlmary loss of N5 group was r a t e  control l lng 

durlng the decoioposltlon of  unsubstltuted 1,3,5 - trlnltrobenzene. 

Further u u b s t  l t u t  ton on the benzene r ing,  however leads t o  

d l f f e r e n t  react lon pathways lncludlng a loss of OH throush a 

oyclio intermediate. Such mechanlsms impart enhanced reac t lv l ty  

p a r t i c u l a r l y  durlw the  t n l t l a l  s tages  of explosive reaot lons of 

metal s a l t s  of nltrophenols when subjected t o  low magnltude of 

ex terna l  stlmull. 

5 

In t h i s  oontext, more detal led studles of lead 
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n i t r o p h e n o l a t e s  are war ran ted  t o  understand t h e  r e a c t i o n  pathways 

and i n i t i a l  produoto of deoompositlon under  such o o n d i t i o n s  as 

olo8e t o  e x p l o s i v e  r e a c t i o n  as poss ib l e .  We have chosen 2,4 - 
d i n l t r o  b rnzene  -1-01 lead salt  (LDNP) and P-amino -4,6-dini t ro ,  

benzene-1-01 lead sa l t  (Lead picramate, Ua) for our  s tudy  because 

bo th  these compounds are used i n  fuse head oornposit ions i n  

e lec t r ic  d e t o n a t o r s .  Only i g n i t i o n  t empera tu res  of bo th  and 

p r e p a r a t i o n  and o h a r a o t e r i e a t i o n  of t h e  l a t t e r  are a v a i l a b l e  i n  

t h e  pub l i shed  l i t e r a t u r e .  There is an a d d i t i o n a l  complexi ty  i n  

LDNP beoause i t  gets p r e c i p i t a t e d  i n v a r i a b l y  as a basic salt of 

v a r i a b l e  s t o i c h i o n e t r y .  The re fo re  d a t a  on charac te r ia t ics  of LDNP 

of undefined s to i chemet ry  needs  a thorough s c r u t i n y .  The a d d i t i o n  

of a n  e l e c t r o n  dona t ing  g roup  i n  o r t h o  p o s i t i o n  w i t h  respect t o  

hydroxyl  group is expected t o  s i g n i f i c a n t l y  a l te r  t h e  r e a c t i o n  

because of its proximity t o  t h e  primary r e a c t i o n  c e n t r e .  The 

p r e s e n t  work conce rns  w i t h  mass s p e c t r o m e t r i c  s t u d i e s  of e x p l o s i v e  

decomposi t ion of LDNP and LPa us lng  doub le  f o c u s i n g  magnetio 

s e c t o r  h i g h  r e s o l u t i o n  in s t rumen t  which e n a b l e s  d e t e c t i o n  of a l l  

t h e  mess numbers w i t h i n  a d u r a t i o n  of 1 8ec a t  any g i v e n  stage of 

decomposi t ion as determined by a preset soan  i n  the  t o t a l  i o n  

o u r r e n t  ohromatogram. The earlier mass speot ra l  s t u d l e s  ' ';ere 
confined t o  low mass numbers. But one should expeo t  h i g h e r  mass 

numbers a l s o  i n  t h e  f r agmen ta t ion  a r i s i n g  from exp los ion .  We hove 
2 

extended Tang 

cou ld  n o t  obse rve  any peaks above m/z of 75 and ooncluded 

6 

t h e  mass r e g i o n  t o  beyond t h e  mass number of lead. 
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+ ++ 
t h a t  Pb or Pb are  not formed which Is taken as a proot of pure 

aolld s t a t e  reaotlon wlthout evaporatlon I n  t h e  oaae of L D N R .  Ya 

have on the  oontrary recorded mass numbers equal t o  lead and also 

thooe of wdduot produota of l a r d  w l t h  other fragmentatlon 8peolos. 

A oeoond objeotlva of t h e m  studlea Is t o  amoothen t h r  

daf lagra t lon  of the LDNP nnd LPa t o  an extent  posslble I n  ordar t o  

record the thermograms. Thls 1s achleved by d l l u t  lng the compound8 

w l t h  P b 4  whloh a l s o  redots wlth them a3 a f lash  enhanolng agent. 

T h l s  f lnds  appl loat ion In Fuse heads where a sustalned (lassy 

react lon accompanled by a Flame is requlred t o  contlnue the 

uxploalvr t F d l r i .  DTA O F  the two oompounda ln the pi'eaafiud of Pb 

has helped l n  demonstratlng the e f fec t  of' the  o-aiolno group on the 

r s a o t l v i t l e s  of the lead s a l t s .  

9 

MATERIALS AND METHODS 

LDNP was prepared by the additlon of a solut ion OF lead 

n l t r a t e  t o  sodlum 2,4-dlnltrophenolate Ln a lka l lne  medium a t  8 8  C. 

The f i n e  preo lp i ta te  uas washed wlth water and preserved In 

methanol wet condltion. Y h l l e  I t  is posslble t o  obtain 

contlnuoualy var iable  s tolchlometr les  or the  basic  s a l t ,  t h e  

a l k a l l  oontent w u  80 adjusted as t o  glve an epproxlmate 

oompoe Ltlon (C6H3! O5I2 Pb .2Pb0. 

LPa was a l s o  prepared by a s imi la r  method u s l n g  lead n t t r a t o  
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and sodium pioramate. Anelysls of  the nitrogroups by TIC13 

titration method showed that the salt was more than 98% pure. 

Mass Spectrometry 

Mas8 spectra were recorded on a JEOL - DX 300 double 

focussing magnetic sector high resolution mass spectrometer 

coupled to SN-23 computer for data aquisition and analysis. The 

sample was introduced into the direct insertion (DI) probe with 

heating facility. Sample temperature could be fixed at any value 

between ambient and 356 C. Ionization current was scanned every 

second between mass range of 50 and 500 8.m.u. The instrument was 

calibrated with perflurokerosene prior to the sample analysis. A 

few miorograms of the eample were taken in P oapillary tube, 

Anrorttd into tho DI yrobo rind tioaLod &t ri yrodelo~~wliiod rblr to & 

final tmmprrrturm of 258 C or  358 C. 

Thermal Analysis 

Thermograme were recorded n nitrogen atmosphere wing Perkin 

Elmer DSC-2C. DTA therDlOgFam8 were reoorded in alr ualng a DTA 

unit with a Stanton Redcroft linear temperature programmer, a home 

made oample holder of platlnum oups fused to Pt/Pt-l3$ Rh 

thermocouple and a two channel strip chart recorder. Heating rate 

waa 10 /mine 
0 

RESULTS AND DISCUSSION 

I. Mass Spectral Studies 

mss spectra of the parent compounds 2,4-dinitrophenol (DNP) 

and 24aino- 4,6-dlnitrophenol .(ploramla aold) were reoorded 
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t o  obtaln a olue t o  the l l k u l y  fragmentatlon pa t te rn  of t h e l r  lead 

sultr. DNP 1s known t o  subllme slowly ubove 7;C, melt r t  113-1140 

C and evaporates thereaf te r .  A rapld ra te  of haatlng was therefore 

employed. Pioramlc actd melts a t  1690-78 C. 

A. Decomposltlon Pathways of the Parent Compounds 

The mass spectra  of .lNP ( a )  and plcramio actd (b )  recorded 

undov l d r n t l o a l  oondltlonn o f  opafatlon ara ahown Ln YLg.1. Ma 

mass numbers and t h e l r  r e l a t l v e  l n t e n s l t l e s  a r e  l l s t e d  I n  Table 1. 

Variattona Ln probe temperature, heatlng r a t e  and ahambsr 

temperature d l d  not a l t e r  the pat tern of fragmentatlon. The parent 

Ion (H) of DNP, whlch is a l s o  the base peak seem t o  be more 

s t a b l e  than the parent lon (M OF ploramic acid whloh glvea the 

base peak a t  a mass number of 78. The suggestlve fragurantatlon 

pathways I n  the two oases a r e  given I n  Scheme 1. The l ike ly  

asslgnments f o r  lower m a s  numbers whlch manlfest a s  flne 

s t r u c t u r e  have not been made a s  there could be a number of 

p o s s l b l l l t i e s .  The observed m/z = 62 Ln both oases oould be 

probably asslgned t o  n l t r a t e  groups. Some important disoernlble  

d l f fe rences  between the  fragmentatlon pathways a r e  t h e  following. 

+ 
+ 

I ,  The loss of  NO group from DNP seems t o  take place In two 

d l a t l n o t  s t e p s  of losses  of 0 and NO. The exls tence of r e l a t i v e l y  

s t rong 154 and an extremely weak 138 Is suggestlve of t h e  two s t e p  

prooesa. On the contrary a single s tep  loss of NO y l e l d a  a 

r e l a t l v e l y  Intense m/z t 153 i n  the  case of plcramio noid. 

2 

2 
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TABLE 2 - 
Species Evolved From FragmentatLon O f  DNP And Picramic Acld 

DNP 
m/z Abundance 

Picramio PC ld  
m/z Abundance 

2.  The exlstence of a specles corresponding t o  m/z value of  

182 durlng fragmentatlon of  ploramlo aold suggesta a loss of OH 

radtcal.  Such a poss ib i l i ty  could be anticipated in the l i g h t  of 

the fragmentatlon pattern of  2,4 - din i t roanl l lno  ace t i c  ac id  

reported by Rao and Yoganaraslmhan. 5 

3. Interestingly,  the base peak in mass spectrum of picramic 

acld coresponds t o  an ion o f  m/z = 78. T h l s  suggests tha t  the 

parent H undergoes f a s t  fragmentatlon yieldlng f Lnally the base 

peak. By contrast  DNP aeems t o  gLve a parent lon a s  base peak. 

+ 

4. DNP probably decomposes by a se r l e s  of r e l a t lve ly  slow 

m u l t l s t e p  prooesses as agalnst  the likellhood of s lng le  atep 

primary procesa In picramio a o l d .  Thls ooncluaion Is reaohed by 

the oomparleon of tho t o t n l  ion ourrent ( T I C )  ohromatograma 

(Plg.2).  DNP is t h u s  believed t o  be more a tab le  than piorernlo ao ld  
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under e leotron lmpaot  oondltlons. Thermal ana lya ls  a lao  lndloated 

almllar trend. Plcramlo aold shows an exotherm around 238C whlle 

DNP gives  an exotherm a t  36; C only when the  DTA of D N P / A l &  m 

l / 3  18 recorded. I n  the absence of alumina DNP oompletely 

evaporates before a t ta in ing  the decomposltlon temperature. 

B. Decomposltion Pathways f o r  the b a d  Salts 

(1) 

The TIC chromatograms obtained a t  low temperature (258C) and  

hlgh temperature (350 C) durlng the decomposltlon of LPa a r e  shown 

l n  Ftg 3 ,  The low temperature T I C  is oharacterlsgd by a broad peak 

reppesentlng slow decomposltlon followed by a sharp peak 

representlng a f a s t  exploslve decomposltlon. The high temperature 

TIC shows a s ingle  sharp peak correspondlng t o  the exploslve 

decompositlon. The mass spectrum recorded a t  Scan No 149 durlng 

0 

the  slow decomposltlon ahown i n  Flg.4a 1s s lmi la r  t o  t h a t  of 

Picramlc ac id  a s  l n  Flg.lb. The main difference is t h a t  the base 

peak has an m/e value of  199 (M-Pb+H). Though the  mass L)ptrotrum of 

axploslve duoomyosltloii tit j!d C (YLg.4o) has B w e  tinportant 

oharooter l s t loa  I n  oommon w l t h  t h u  mudm apeotrum croordad ut darn 

no 149 durlng slow decomposltlon a t  258C as shown I n  Flg.4a, I t  

has many features  In common w l t h  the mass spectrum a t  Scan no 223 

durlng l u s t  decomposltlon a t  250 C (Flg.4b). Several uass numbers 

beyond 199 oan be seen ln them. These spectra  c lear ly  suggeut t h a t  

+ 

0 
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l e a d  p lo rama te  decomposes by a t  least  two s t e p s  a t  low 

tempera tu rvs  and by o v e r l a p p l n s  l a s t  p rocesses  d u r l n g  a n  e x p l o s l o n  

a t  h l g h  t e a p e r a t u r e a  when extreme f r agmen ta t ion  of t h e  molecule 

takes p l a o e .  It  1s p o s s l b l e  t o  o b t a l n  maos numbers oorreapondlnp 

t o  Pb and UoVdlUl  vddUoL UlwJtud  Of Pb w l L h  othoi* fruyuunLutlon 

produoto.  Thu buso peak ( i d z  55) on vxp los lon  probubly a r l r l n q  

Prom ewcess lve  f r agmen ta t lon  corresponds t o  CFNO u n l i k e  l n  t h e  

e x p l o s l o n  of lead s t y p h n a t e .  The adduct  of Pb(208) and a.m.u 52 

(C2N2 t n  t h e  transient phase oan g l v e  m/z of 260 which 1s 

obasrvrd Ln Plg 40, A.m.u o f  52 utiti d u o  obrrerved durlng t h e  

~ x p l o s l v r  f cagmen ta t lon  of t h e  related oompound LS Ln t h e  

r e s o l v e d  mass spec t roscopy .  When an  exp los lon  o c c u r s  fo l lowing  a 

elow deoomposl t lon as i n  Fig.4bD t h e  s t a b l l l t y  of peak a t  8.m.u 

199 deQPeaOeS. One s l g n l f i o a n t  f e a t u r e  d u r l n g  t h e  e x p l o s i v e  

decomposi t ion o f  LPa i s  t h a t  t h e  p l c ramlc  a c l d  p o r t i o n  gets 

de tached  from t h e  lead and L t  Is s u g g e s t l v e  of t h e  flrst r u p t u r e  

ooour lng  a t  the  Pb-0 bond whlch 1s supposed t o  be p a r t l y  lonio.  

The auggested e x p l o s l v e  decomposl t lon par thways are shown i n  

Sohrov 2.  

t 

1 

1 

( i i )  

J u r t  .a i n  t h e  oaas of LPa, T I C  a t  low t empera tu rea  ahowed 

broad peak fol lowed by a s h a r p  e x p l o s i v e  decomposl t lon peak. A 

alngle r h a r p  peak domlnated t h e  T I C  a t  35OoC. The mass s p e o t r u  of 
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the broad peak which is not shown, was s lml la r  t o  t h a t  of pure DNP 

(Flg la) .  The mass spectra  of the specles produced by f a s t  

deoomposltlon a t  both temperatures uhoun i n  Flg.5 have maas 

numbers higher than H of DNP and are  therefore  expected t o  be 

t r a n s i e n t  adducts of lead with the fragmentatlon products. The 

intenslty a t  184 (M - Pb + H) So 

Is the  in tens i ty  of t h l s  mass number during the slow 

deoonpoeltlon. ThLs i e  auggestlve of  an alloodt oonourrent olesvpcle 

of Pb-0 linkage and t h e  loas o f  0 and N O  groups. The base peak i q  

a l l  It has 

not been posaible t o  ident i fy  uhlch one L t  is. The reactlon 

pathway for the  deoomposltlon of LDNP 1s s lml la r  t o  tha t  of DNP 

y l t h  the  posslble  Pb-0 oleavage taklng place concurreatly. 

+ 

t 
Is extremely low i n  both cases. 

the oaues Is a t  m/z of  62 whlch oould be $N or NO 3' 

I1 Thermal Studlea 

The object ive of the thermal s tud les  Is t o  s t u d y  the r e l a t i v e  

powerr of the two lead s a l t s  Ln t h v  formultitlons whloh are uued In 

aqulbs  wlthout any other  addl t lona l  metal l lo  fue l .  Though DSC of 

t h e  pure compound oould be eaa l ly  recorded for e.g P a  i n  Flg 6, 

t h e  value of t h l s  i n  a heretogeneous react lon Is ra ther  limlted 

beoause of sample size e f f e c t s .  Larger quant l t les  s h a t t e r  the 

instrument. Therefore the reaot lv l ty  of P a  and LDNP w i t h  P b q  

whloh I s  a common squib component, l a  taken as the or l te r lon .  The 

Qeduotione a r e  purely q u a l i t a t l v r  b u t  stlll  valuable ln p r o v l d l w  

the  guldel lnes  t o  an exploslves development s c l e n t i s t .  
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DTA of p u r e  LPa and LDNP oould n o t  be reoorded above a sample 

s h e  of  2-3 mg beoause t h e  materlal exploded Ln t h e  sample oup. 

The Ins t rumen t  was i n s e n s l t i v e  t o  r eco rd  t h e  small h e a t  ohanges 

below a sample mass of 1 ug. The DTA of m i x t u r e s  w l t h  A 1  0 were 

not  t r u l y  r e p r o d u c i b l e  due to  the rma l  c o n d u c t l v l t y  problems. The 
2 3  

DTA of uLxLuiiuo w l t h  lab0 UIW ahowii Ln I ~ L ~ . ' ~ .  LDNP und P b 4  2 
r e a o t e d  emoothly a t  B maso r a t l o  of 1 : 10 and 1 : 15 g l v l w  well 

d e f l n e d  broad exothermy around 265 - 270 C,  LPa gave s h a r p  

exotherma even 

a t  lower rample mass. Thla d e f l n l t e l y  s u g g e s t s  t h a t  P a  1s more 

b r l s a n t  t han  LDNP. 

0 0 

around 265'- 2 8 8  C accompanied by f l a s h  and sound 

The e f f e c t  of Amlno Group 

The foregoing r e s p l t s  show t h a t  LPa whloh h a s  an amlno group 

oFtho t o  the p h e n o l i c  group 18 theFmally less s t a b l e  than  LDNP and 

undergoes a h l g h e r  deg ree  of f r agmen ta t ion  d u r l n g  exp los lon .  It 

would be  l n t e r e a t l n g  t o  c o n t r a s t  t h l s  behavlour  wl th  t h o s e  of 

amlno n i t r o  benzenes.  Maes s p a c t v a l  obsa rv i i t l ons  of ayq- 

t r l n l t r o b e n z e n e  by Meyeraon showed t h a t  t h e  fLrst s t e p  of 

f r agmen ta t ion  l a  t h e  e l l m l n a t i o n  of NO group. The compound has  

muoh lower thermal r t a b l l l t y  and low L n l t l a t l o n  t h r e s h o l d  t o  shook 

r e l a t l v e  t o  TATB (1,3,5 - t r i a m l n o  - 2 , 4 , 6 - t ~ l n i t r o b e n 9 e n e )  uhich 

has  a very h lgh  t h r e s h o l d  t o  shock besldes be lng  a h igh  

te lopdrature  exyloslve. Addlt lon o f  t h e  irmlno gt'oup t o  

4 

2 
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nltrobenzenes w i l l  have a bond strerythenlng a f f a o t  on the r ing  C 

- C bonds by donation of eleotront),  t h u s  oompensotlng for tha 

ni t rogroup electron withdrawal. However, i n  the oase of 

nltrophenols, the addl t  Lon of clmlnogroup has the  opposl te  effeot.  

Though mass spec t ra l  s tud les  suggest a prlmary s t e p  involvlng 

7 

cleavage of  Pb-0 linkage I n  both cases, the tnfluence of the 

s t e r l o  fao tor  of o-amino group on the  r e l a t l v e  s t a b i l i t y  of Pb-0 
13 linkage should be constdered. C ohemloal s h t f t s  for  0- ,  m- add p- 

amtno groups r e l a t l v e  t o  1 posltioon proton a r e  -13.86, +O.SLnd - 
9.8 6 respect lvely.  The Lnduotlve e f feo t s  a r e  t h u s  negLgLble. 

Assumlng the  resonance contr lbut ions from o and p a r e  -9.86 , a 

d l f fe rence  of -4.0 6 whloh Is nearly 40% of resonanoe 

contr ibut ions,  could be a t t r ibu ted  t o  s t e r l c  fac tors .  The e f feo t  

of  o-amino group on a phenolic group is expected t o  be hlgher 

stlll,  The observable e f f e c t  of  such factor8 would be n weakenlng 

of  the Pb-0 bond In  lead plcramate resu l t lng  Ln hlgher thermal 

s e n s i t l v i t y  of the ooinpound, Sensl t lzat lon of the azides  by an 

lnorease of  the covalent character  of the metal-azlde bond $3 a 

well known fac t .  Sens i t lza t lon  observed in lead plcramate probably 

arlses from a comblnatlon of  increased covalency and s t e r l o  

0 

fuotore. 
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FIGURE - 5 
H a w  apeatrv of lead 2,4-JLnltrophenolute dufln(5 exploelon a t  

2 5 8  C and ( b )  35OoC. 
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DSC or lead picramate. 
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FIGURE - 7 

'PTA 
VA of mixtures of lead 2,4 -dlnltrophenolate and lead picramate 

wlth PbO 2' 
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Scheme 1 
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