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DETERMINATION OF OXIDIZING ANIONS 
I N  EXPLOSIVE MIXTURES BY PHASE TRANSFER 

Baruch G l a t t s t e i n  and Shmuel Kraus 

D iv i s ion  o f  Criminal I d e n t i f i c a t i o n  
I s r a e l  National Pol i c e  

Jerusalem, I s r a e l  

ABSTRACT 

Inorganic ox id i z ing  agents are used i n  var ious explosive 

mixtures t h a t  are analysed by a n a l y t i c a l  chemists. Among them are 

dynamites, ANF0,black powder, match heads, pyrotechnical  devices 

and home-made bombs. The c r u c i a l  step i n  post explosion analys is  

i s  the e x t r a c t i o n  and p u r i f i c a t j o n  o f  t he  explosive residues from 

the  debr is.  A unique, f a s t  and s e l e c t i v e  e x t r a c t i o n  technique fo r  

inorganic ox id i z ing  agents i s  described i n  t h i s  paper. The debr is  

are f i r s t  ext racted w i t h  water t o  y i e l d  an aqueous so lu t i on  o f  

the ions. Oxid iz ing anions such as n i t r a t e  and ch lorate,  are 

s e l e c t i v e l y  t ransfered i n t o  the organic phase by the use of 

1 i p o p h i l  i c  quarternary ammonium cat ions.  Other anions such as 

carbonate, sulphate and n i t r i t e  are not. extracted i n t o  the 

organic phase under these condi’tions. The extracted anions are 

then i d e n t i f i e d  by i n f r a - r e d  spectrometry and chemical spot 

t es ts .  
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INTRODUCTION 

The examination o f  evidence c o l l e c t e d  a t  scenes o f  exp los ion  

poses an i n t r i g u i n g  problem to  the  fo rens i c  chemist. 

Exp los ives  used by t e r r o r i s t s  and c r i m i n a l s  a l i k e  a re  o f  t h ree  

o r i g i n s :  m i l  i t a r y  h igh  exp los ives ,  commercial h i g h  exp1osive.s and 

home-made exp los i ve  m ix tu res .  M i l  i t a r y  h i g h  exp los ives  are  

u s u a l l y  made o f  organic compounds,most o f  t he  home-made 

exp los i ves  are based on i no rgan ic  m a t e r i a l  s and many commercial 

exp los i ves  are made from combinat ions o f  o rgan ic  and ino rgan ic  

compounds. 

The i s o l a t i o n  o f  o rgan ic  components i n  pre-explosion as w e l l  

as i n  pos t -exp los ion  analyses i s  achieved by a v a r a i e t y  o f  

separa t i on  techniques such as column chromatography’, t h i n  l a y e r  

chromatography , gas chr~matography : ’~  and h i g h  performance 

1 i q u i d  chromatograpy? I d e n t i f i c a t i o n  o f  t h e  separated components 

i s  then acomplished e i t h e r  o n - l i n e  o r  o f f - l i n e  by s p e c i f i c  

de tec tors6 .  Many fo rens i c  l a b o r a t o r i e s  f i n d  i t  s a t i s f a c t o r y  t o  

use simp1 e chromatographic techniques i n  post-expl os ion  

analyses. 

2 

The methods f o r  t h e  i d e n t i f i c a t i o n  o f  i no rgan ic  components o f  
7 

unreacted exp los i ve  m ix tu res  i n c l u d e  X-rays d i f f r a c t i o n  (XRD) , 

X-rays f luorescenc (XRF) , 

i n f r a - r e d  spectrometry ( IR )  , ion  chromatography and chemical 

spo t  t e s t s .  

8 

9 10 
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XRD technique i s  usual ly  no t  s e n s i t i v e  enough f o r  pos t -b las t  

residues analysis,  XRF i s  no t  su i tab le  f o r  the i d e n t i f i c a t i o n  o f  

most o f  the anions. Ion chromatograpy,being a chromatographic 

method i s  mainly a separation method and i s  no t  spec i f i c  enough 

f o r  the p o s i t i v e  i d e n t i f i c a t i o n  o f  the ions,IR spectrometry i s  

n o t  always appl icable t o  those ex t rac ts  due t o  in ter ference from 

over1 appi ng absorbance peaks. 

I n  order to  i d e n t i f y  residues o f  inorganic ox id i z ing  anions i n  

post-explosion cases, i t  was found t h a t  a separation stage was i n  

many instances c r i t i c a l .  Washington e t  a1 used dry s iev ing  and 
7 microscopic examination o f  post-bl  a s t  evidence. Other authors 

reported using aqueous ex t rac ts  f o l  1 owed by the aforementioned 

methods t o  greater o r  l esse r  success. 

8 

I n  t h i s  paper we describe the s e l e c t i v e  separation o f  two 

explos ive-re la ted anions, ch lo ra te  and n i t r a t e  by e x t r a c t i o n  

based on phase-transfer. the separated anions could then be 

e a s i l y  analysed by methods l i k e  I R  spectrometry. The method i s  

espec ia l l y  important i n  the analyses o f  post-explosion samples. 

EXPERIMENTAL 

Simulated post-explosion residues o f  black powder and 

c h l  orate-sugar mixtures were prepared by burning the respec t i ve  

explos ive mixture i n  a c ruc ib le .  Home made-explosive charges make 

a considerable p a r t  o f  the residues analysed by our l a b o r a t o r y  

hence there was no shortage o f  " rea l  l i f e "  ext racts  a t  any time. 
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Reagents 

1. Tr iocty lmethy l  ammonium c h l o r i d e  (a1 i qua t  336) from A l d r i c h  

Chemical Company Inc.  Milwaukee, Wisconsin, U.S.A. 

2 .  Tetrabutyl  ammonium c h l o r i d e  f r o m  A l d r i c h  

3. Methylene c h l o r i d e  from Frutarom, I s r a e l .  

4 .  Modif ied Greiss reagent was prepared from 8% (w/v) 

sulphanilamide and 0.5% (w/v) N-l-naphthylethylenediamine 

dihydrochlor ide i n  8% aqueous phosphoric acid.  A l l  from B.D.H. 

Chemicals Ltd,  Poole, England. 

5 .  4% a n i l i n e  sulphate i n  concentrated su lphur ic  acid.  From 

B.D.H. 

Instruments 

I R  spectra were recorded on Analect FX 6160 FTIR 

spectrophotometer from Analect  Instruments, I r v i n e ,  Ca l i f o rn ia ,  U 

.S.A. 

The aqueous e x t r a c t  i s  placed i n  a separatory funnel , 20 mg o f  

the t e t r a  a1 k y l  ammoni urn s a l t  i s  then added and the 

s o l u t i o n  i s  shaken once w i t h  equal volume o f  methylene ch lor ide.  

The organic l a y e r  i s  separated and washed w i t h  water, d r i e d  on 

magnesium sulphate and f i n a l l y  evaporated t o  dryness . 
I f  the aqueous e x t r a c t  f r o m  the debr is i s  viscous , i t  should 

be ext racted w i t h  methylene c h l o r i d e  p r i o r  t o  t h e  a d d i t i o n  o f  the 

quarternary ammonium s a l t .  This w i l l  r i d  the e x t r a c t  from 

detergents and l u b r i c a n t  add i t i ves  o f ten  found i n  e x t r a c t s  o f  

veh ic le - re la ted  explosions. The aqueous l a y e r  i s  then t rea ted  

w i t h  the quarternary ammoni urn sal  t as described before. 
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RESULTS AND DISCUSSION 

Inorganic o x i d i z i n g  agents found i n  explosive devices i n  

I s r a e l  inc lude n i t r a t e  , chlorates and permanganates mainly as 

potassium s a l t s .  It i s  requi red by our standards t h a t  a t  l e a s t  

two independent methods o f  analys is  should be used f o r  r e p o r t i n g  

the p o s i t i v e  i d e n t i f i c a t i o n  of a substance. I n  the i d e n t i f i c a t i o n  

o f  residues o f  inorganic anions the laboratory  r e l i e s  on a 

combination o f  co lo r  t e s t s  and I R  spetroscopy. 

N i t r a t e s  are found i n  numerous cornposi t i ons :  b lack powder, 

ammonium n i t r a t e  - f u e l  o i l  (ANFO) and dynamites. f a i l u r e  i n  the  

i d e n t i f i c a t i o n  o f  n i t r a t e s  i n  post-explosion aqueous e x t r a c t s  may 

r e s u l t  from several reasons : 

1. Greiss c o l o r  reac t i on  ( f o r  n i t r a t e s )  does no t  d i sc r im ina te  

between n i t r i t e  t h a t  i s  usua l l y  present i n  post-explosion 

ex t rac ts  and the unreacted n i t r a t e  . 
2. Sulphate and carbonate ions ( reac t i on  products as we l l  as 

background contaminants) heav i l y  mask the i n f r a - r e d  reg ion  o f  the 

n i t r a t e  absorption. 

Chlorates are found i n  match heads and i n  chlorate-sugar 

mixtures. Sugar i n t e r f e r e s  w i t h  the I R  spectrometry o f  ch lo ra te  

i n  pre-explosion as wel l  as i n  post-explosion analyses due t o  the 

mu1 ti tude o f  i t s  absorpt ion peaks. 

The separat ion o f  the anions from the aqueous s o l u t i o n  i s  

based on phase-transfer technique. The t rans fe r  o f  hydrophobic 
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ions i n t o  l i p o p h i l i c  organic medium i s  no t  new. I t ' s  main 

a p p l i c a t i o n  i s  i n  phase-transfer c a t a l y s i s  . This technique has 

become o f  increas ing importance w i t h  the recogn i t i on  o f  i t 5  

p o t e n t i a l  i n  preparat ive organic chemistry. Reactions which 

normal ly proceed i n  aqueous media can be c a r r i e d  ou t  i n  a b inary 

aqueous-organic system i n  the presence phase t r a n s f e r  ca ta l ys ts .  

Phase t r a n s f e r  c a t a l y s i s  i s  used i n  react ions such as a l k y l a t i o n ,  

a r y l  a t ion,  nuc leophi l  i c  subs t i t u t i ons ,  ox ida t i on  and reduct ion 

react ions and numerous others. The special  advantages o f  t h i s  

technique are higher y i e l d s ,  b e t t e r  s e l e c t i v i t y ,  sho r te r  reac t i on  

times and m i lde r  condi t ions.  The l i p o p h i l i c  character o f  the i o n  

p a i r s  i s  induced by the the l a r g e  a l k y l  subst i tuents  on the 

n i t rogen.  The s e l e c t i v i t y  and the y i e l d  o f  a given anion t r a n s f e r  

i n t o  the organic l a y e r  i s  c o n t r o l l e d  by the choice o f  the 

quarternary ammonium s a l t  and the p o l a r i t y  o f  the organic 

sol vent.  The combi na t i on  o f  a1 i quat and methyl ene c h l o r i d e  o r  

to luene was found t o  be very e f f e c t i v e  i n  separat ing the 

o x i d i z i n g  anions from the combustion products (sulphates, 

carbonates, ch lor ides,  n i t r i t e s ,  ect . )  and from background 

contaminants. 

Sulphate, carbonate, n i t r i t e  and c h l o r i d e  ions remain i n  the 

aqueous l a y e r  w h i l e  ch lorate,  n i t r a t e  and thiocyanate ions are 

t ransfered as i o n  p a i r s  i n t o  the  organic layer .  The d r i e d  residu@ 

can now be i d e n t i f i e d  by spot t e s t s  and . I R  spectrometry. 
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Burnt black powder from simulated explosion was ext racted w i t h  

water and dr ied.  Spot t e s t s  appl ied t o  the e x t r a c t  revealed the  

presence of n i t r i t e s ,  It was not poss ib le  t o  d i s t i n g u i s h  by I R  

between the n i t r i t e  ions and the n i t r a t e  ions due t o  the 

carbonate absorbance i n  the re levant  region (1320-1490 cm 1.  

A l i q u a t  ex t rac t i on  separated the n i t r a t e  from the n i t r i t e  and 

other  i n t e r f e r r i n g  anions. Spot t e s t s  appl ied a f t e r  the 

e x t r a c t i o n  were negat ive f o r  n i t r i t e  and p o s i t i v e  f o r  n i t r a t e .  

The IR spcetrurn was t h a t  o f  a l i q u a t  n i t r a t e  . Beveridge e t  a1 

repor ted the presence o f  thiocyanate i n  the ex t rac ts  o f  b u r n t  

b lack powder and i t s  s ign i f i cance  as an i n d i c a t o r  t o  the use o f  

b lack powder as the o r i g i n a l  explosive. A l i qua t  e x t r a c t s  

th iocyanate very e f f i c i en t l y .The  thiocyanate ion can then be 

detected by i t s  reac t i on  w i t h  f e r r i c  i on  and a lso by i t s  

c h a r a c t e r i s t i c  i n f ra - red  bands a t  1630 and 2020 cm . 

- 1  

-1 

Chlorate-sugar mixtures cannot be analysed by i n f r a - r e d  

spectrometry even before explosion because o f  the sugar 

in ter ference.  A1 i q u a t  exc lus i ve l y  ex t rac ts  the ch lo ra te  from the 

aqueous so lu t i on  leav ing the sugar i n  the water and y i e l d i n g  a 

per fect  i n f ra - red  spectrum o f  the a1 i q u a t  ch lorate.  

I n  " rea l  l i f e "  post explosion analyses i t  was found t h a t  i n  

many cases, t h e  a l i q u a t  ex t rac t i on  and separat ion step was 

c r u c i a l  f o r  the p o s i t i v e  i d e n t i f i c a t i o n  o f  the explos ive used. 
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CONCLUSION 

A novel method i s  described f o r  the e x t r a c t i o n  o f  o x i d i z i n g  

anions from aqueous so lu t i ons  i n  post- as we l l  as pre-explosion 

analyses. L ipoph i l  i c  quarternary ammonium cat ions t r a n s f e r  

n i t r a t e  and ch lo ra te  ions i n t o  organic phases, thus f ree ing  them 

from the i n te r fe rence  o f  background contaminations, reac t i on  

products o r  other components o f  explosive mixtures . 
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