
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Energetic Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713770432

Analysis of explosives by nuclear magnetic resonance spectrometry
Yair Margalitab; Sara Abramovich-Bara; Yair Bambergera; Shionto Levya; Shmuel Zitrina

a Division of Criminal Identification, Israel National Police, Jerusalem, Israel b Israel Institute for
Biological Research, Ness Ziona, Israel

To cite this Article Margalit, Yair , Abramovich-Bar, Sara , Bamberger, Yair , Levy, Shionto and Zitrin, Shmuel(1986)
'Analysis of explosives by nuclear magnetic resonance spectrometry', Journal of Energetic Materials, 4: 1, 363 — 376
To link to this Article: DOI: 10.1080/07370658608011350
URL: http://dx.doi.org/10.1080/07370658608011350

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713770432
http://dx.doi.org/10.1080/07370658608011350
http://www.informaworld.com/terms-and-conditions-of-access.pdf


ANALYSIS OF EXPLOSIVES BY 

NUCLEAR MAGNETIC RESONANCE SPECTROMETRY 
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D i v i s i o n  o f  Cr iminal  Xden t i f i ca t i on  
I s r a e l  Nat ional  Pol i c e  

Jerusalem, I s r a e l  

ABSTRACT 

I n  order t o  evaluate the a p p l i c a b i l i t y  o f  NMR t o  the analys is  

o f  explosives, the method was used t o  analyse explosives from 

actual  cases. The r e s u l t s  were then compared w i t h  r e s u l t s  from 

o the r  ana ly t i ca l  methods, mainly TLC and GC/MS. For unexploded 

samples NMR was found t o  be a simple, f a s t  and r e l i a b l e  method, 

o f t e n  a l lowing the i d e n t i f i c a t i o n  o f  mixtures w i thou t  

pre-separation. Some post-expl os ion samples were a1 so 

successfu l ly  analysed by NHR. A1 though s e n s i t i v i t y  problems s t i l l  

e x i s t ,  NMR showed a s u r p r i s i n g l y  promising prospects f o r  the 

d i f f i c u l t  f i e l d  o f  post-explosion analysis.  
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INTRODUCTION 

Nuclear magnetic resonance (NMR) spectrometry, a major technique 

i n  modern a n a l y t i c a l  organic chemistry, has no t  y e t  become a 

r o u t i n e  method i n  forens ic  l abo ra to r ies .  The cos t  o f  the 

instrumentat ion and the need o f  qua1 i f i e d  operators are probably 

among the p r i n c i p a l  reasons. There are a lso some f i e l d s  i n  

forens ic  analys is  where the s e n s i t i v i t y  of NMR i s  n o t  s u f f i c i e n t .  

‘H-NMR and 13C-NMR spectra o f  common explosives have been 

recorded bu t  only few repor ts  on the use o f  NMR i n  actual  

pol  i c e  cases i n v o l v i n g  explosives were pub1 i ~ h e d ? ’ ~  The 

app l i ca t i on  o f  NMR t o  pbst-explosion ana lys i s  has n o t  been 

reported. 

1 

Some o f  the e a r l i e r  works4,’ on NMR o f  explosives were 

c a r r i e d  o u t  on 60 b1Hz instruments. Modern instruments operate a t  

200-400 MHz and a lso u t i l i z e  computer techniques t o  increase 

s ignal  t o  noise r a t i o .  I n  t h i s  s t a t e  o f  a r t ,  the present work 

could be considered a f e a s i b i l i t y  study f o r  t he  i d e n t i f i c a t i o n  o f  

post-explosion samples by NMR. It a lso  inc ludes i d e n t i f i c a t i o n  o f  

samples before explosion. 

E XPE R I MENTAL 

The NblR spectrometer was Bruker WM-250, operat ing ( f o r  

protons) a t  250 MHz. Chemical s h i f t s  were expressed i n  ppm, 
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re1 a t i v e  t o  tetramethyl s i l  ane (TMS). The amount o f  samples befor, 

explosion was 1-5 mg, d isso lved i n  0.6-1.0 m l  acetone-d The 

number o f  pulses f o r  these samples was 1. 
6 '  

Post-explosion samples (prepared by ex t rac t i ng  the debr is  w i t h  

acetone) were dr ied,  d isso lved i n  acetone-d6 and t h e i r  spectra 

recorded. The number o f  pulses f o r  post-explosion samples was 

100-400. 

RESULTS AND DISCUSSION 

The f i r s t  step was t o  record and compile the NMR (protons) 

spectra o f  16 common organic explosives and some o f  t h e i r  

mixtures! The spectra corresponded t o  prev ious ly  pub1 ished 

ones?3537 The n i t roaromat ic  explosives were 2,4- d i n i t r o t o l u e n e  

(2,4-DNT) , 2,6-dini t r o t o l  uene ( 2  6-DNT) , 1,3,5- t r in i  trobenzene, 

2,4,6-tri n i  t r o t o l  uene (TNT 1 2,4,6-trinitro-m-xyleneY 

2,4,6-tr in i t rophenol  ( p i c r i c  ac d),  2 ,4 ,6 - t r i n i t roan iso le  and 

2,4,6-trini tro-m-cresol . The chemical s h i f t s  o f  the n i  t roaromat ic  

r i n g  protons are i n  the range o f  7-9 ppm. Protons o f  methyl 

subs t i t uen ts  on the n i t roaromat ic  r i n g  resonate a t  6- 2.5 - 3.8 

ppm. The protons o f  the methoxy group i n  t r i n i t r o a n i s o l e  resonate 

a t  6 =  4.19 ppm? 

The n i t r a t e  esters  recorded were ethylene g l yco l  d i n i  t r a t e  

(EGDN), d ie thy lene g l yco l  d i n i t r a t e ,  g l yce r ine  t r i n i t r a t e  

( " n i t r o g l y c e r i n e " ;  NG), pen tae ry th r i t o l  t e t r a n i t r a t e  (PETN) and 

c e l l  u l  ose n i t r a t e  ( "n i  t r o c e l l  ul ose" 1. 
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The chemical shifts of the methylene protons adjacent t o  the 

nitrate group are i n  the range of 4.2-5.2 ppm. The CH proton in 

NG resonates a t  6= 5.92 ppm. The nitramine explosives recorded 

were 1,3,5-tri ni tro-1,3,5-triazacycl ohexane (RDX 1 ,  1,3,5,7- 

tetranitro - 1,3,5,7-tetrazacyclooctane (HMX) and 2,4,6- 

t r i  ni trophenylmethyl n i  tramine ( tetryl . The methyl ene protons in 

the heterocyclic nitramines resonate a t  d= 6.26. I t  i s  therefore 

practically impossible to  distinguish between RDX and HMX by 

their chemical shifts. The aromatic ring protons in tetryl 

resonate a t  .6= 9.38 ppm and the protons of the N-CH3 a t  = 

3.78 ppm. 

In the next stage the NMR spectra of 13 unexploded samples 

from actual cases were recorded! The samples were taken from 

the Israel Police laboratory, where they had been analysed by 

other methods, mainly t h i n  layer chromatography (TLC)  .8 Some 

samples were analysed agaf n by gas chromatography /mass 

spectrometry (GC/MS)? In general there was a good agreement 

between results from NMR and TLC. In some old cases 2,4-DHT and 

2,6-DNT which accompanied TNT had been missed by the TLC analysts 

while their presence could be deduced from the NMR results. GC/MS 

verified thei r presence. 

Figure 1 shows the NMR spectrum of an explosive which belonged 

t o  an apprehended terrorist. TNT and tetryl could be easily 

identified. The NMR spectrum of a more complex mixture which was 

concealed in a tractor b u t  did not explode i s  shown in Figure 2. 

RDX, 2,4-DNT, TNT and nitrocellulose can be observed. 
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V l  
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I I 1 I 1 I I 1 I 
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I 
10 9 8 6 5 4 3 2 1 d -  

FIGURE 1 
NMR spectrum of an explosive mixture (case 6440/85). TNT and 
tetryl were identified. 
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2.4-DNT 

2.7 2 

R D X  R D X  

26 9 

JNT 

9.02 

62 6 

Icetone 2 20 7 / 7 6  

TMS 

FIGURE 2 
1dMR spectrum o f  an e x p l o s i v e  m i x t u r e  (case 2207/76). RDX, 
2,4-DNT, TNT and n i t r o c e l l u l o s e  were i d e n t i f i e d .  
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The examples i n  Figures 1 and 2 demonstrate the appl i c a b i l  i t y  

o f  NMR spectrometry t o  the analys is  o f  exp los ive mixtures.  The 

method i s  simple, re1 i a b l e  and requires no pre-separation. 

Q u a n t i t a t i v e  r e s u l t s  can be obtained by in teg ra t i on ,  t ak ing  i n t o  

account the  number of protons i n  each explos ive which are 

responsible f o r  the in tegrated peak. 

While the successful app l i ca t i on  o f  NMR t o  the analys is  of 

unexploded samples was hardly surpr is ing,  we d i d  no t  expect much 

success i n  apply ing the method t o  post-explosion samples. These 

samples usua l l y  conta in  very l i t t l e  o f  the o r i g i n a l  explosive,  

mixed w i t h  l a r g e  amounts o f  impur i t i es .  Other methods, l i k e  

i n f r a r e d  ( I R )  spectrometry o r  d i r e c t  probe-mass spectrometry 

o f ten  f a i l e d  t o  i d e n t i f y  explosives i n  post-explosion samples, 

even when preceded by c leaning the samples on a chromatographic 

c o l  umn. 
6 NMR ana lys i s  was ca r r i ed  ou t  on 14 post-explosion samples 

which had been analysed i n  the I s r a e l  Pol ice l abo ra to ry  dur ing 

the  years 1983-1985. The samples were ex t rac t i ons  o f  

post-explosion debr is w i t h  acetone. I n  order t o  increase signal  

t o  noise r a t i o ,  the number o f  scans i n  the post-explosion 

ana lys i s  was 100-400 vs. 1 scan i n  normal analys is  (see 

EXPERIMENTAL). Under these working condi t ions i t  was estimated 

t h a t  l0 ,ug was the lowest amount o f  explosive which could g i ve  a 

meaningful spectrum. O f  the 14 samples subjected t o  NMR analysis,  

369 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



t he  r e s u l t s  o f  the laboratory  were f u l l y  o r  p a r t l y  conf i rmed i n  8 

samples. I n  the remaining samples the explosives could n o t  be 

i d e n t i f i e d  by NMR. The r e s u l t s  o f  t h e  l abo ra to ry  were again based 

main ly  on TLC and i n  some cases on GC/MS. 

F igure 3 i s  a t y p i c a l  example o f  a post-explosion sample. The 

amount o f  i m p u r i t i e s  i s  l a rge  enough t o  obscure the  presence o f  

t h e  explosive.  Yet the two d i s t i n c t  peaks o f  PETN ( 6 = 4 . 8 9  ppm) 

and RDX ( 6=6.26 ppm) can be observed i n  t h e  enhanced p a r t  o f  the 

spectrum. The dec is ion t o  a t t r i b u t e  the peak a t  6=6.26 ppm t o  

protons o f  RDX r a t h e r  than. t o  protons o f  HMX (which resonate a t  

t h e  same chemical s h i f t )  was based on TLC, by which the  two 

explos ives were e a s i l y  d i s t i ngu ished8  I n  another post-expl  os ion 

sample, shown i n  F igure 4, the small peak a t  6=6.26 should be 

a t t r i b u t e d  t o  HMX and no t  t o  RDX, f o l l o w i n g  the TLC r e s u l t s .  The 

case involved an e x t r a c t  from the debr i s  l e f t  a f t e r  a rocke t  had 

been exploded, k i l l i n g  a young boy. 

F igure 5 shows the NMR spectrum o f  a post-explosion e x t r a c t  

from a blown up safe. PETN i s  c l e a r l y  i d e n t i f i e d  by the peak a t  

6=4.88 ppm. The small peak a t  b=4 .76  ppm o r i g i n a t e s  from 

protons o f  p e n t a e r y t h r i t o l  t r i n i t r a t e ,  which was found t o  

accompany PETN i n  c e r t a i n  post-expl os ion analyses. 10 

I t  i s  i n t e r e s t i n g  t o  note t h a t  the explos ives i d e n t i f i e d  by 

NMR i n  post-explosion samples were PETN and RDX ( o r  i n  one case 

HMX). I n  3 samples where the presence o f  TNT was ind i ca ted  by TLC 
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1975185 

PETN 
4.89 

RDX 

9 8  7 6 5 4  

FIGURE 3 
NMR spectrum o f  a post-explosion ex t rac t  (case 1975/85). PETN and 
RDX were i d e n t i f i e d  (RDX was distinguished from HMX by TLC). 
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HMX M. L il 6.26 

I I I I I I I i i i 
1 1  

10 9 8 7 6 5 4 3 2 1 P P M  
I 

FIGURE 4 
N r l R  spectrum of a post-explosion extract (case 2537/86). HMX was 
identified (HMX was distinguished from RDX by TLC). 
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PETN 
188 

FIGURE 5 
FJMR spectrum o f  a post-explosion extract  (case 1461/83). PETN and 
pentaerythr i to l  t r i n i t r a t e  were ident i f ied .  
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and confirmed by GC/#S, NMR f a i l e d  t o  detect  it. I n  one o f  

these samples the l abo ra to ry  i d e n t i f i e d  both TNT and RDX, w h i l e  

the  NMR spectrum confirmed only  the presence o f  RDX. I n  3 other  

samples NG and n i t r o c e l l u l o s e  were found by TLC, i n d i c a t i n g  the 

use o f  doubl e-base smoke1 ess powders. Nei ther  o f  these resul  t s  

was confirmed by NMR. Although these data are i n t e r e s t i n g ,  any 

at tempt t o  draw conclusions (e.g. about amounts o f  the o r i g i n a l  

explosives remaining a f t e r  explosion i n  d i f f e r e n t  oxplosives),  

based on so few examples, i s  obviously premature. 

F igu re  6 shows the NMR spectrum o f  an e x t r a c t  o f  debr is  

(mainly s o i l )  from a t e s t  i n  which 1 kg o f  TNT was detonated 

us ing  a standard m i l i t a r y  detonator. TNT can be i d e n t i f i e d  by i t s  

two peaks, a t  6=2.69 ppm and 6=9.02 ppm. 

CONCLUSIONS 

The advantages o f  NMR spectrometry have been borne ou t  when 

the  method was appl ied t o  the fo rens i c  analys is  o f  unexploded 

samples. Explosive mixtures have been analysed i n  a simple, r a p i d  

and re1 i a b l e  way, w i thou t  pre-separat ion o r  pre-cleaning. 

Somewhat unexpectedly, the method showed p a r t i a l  success when 

appl i e d  t o  .post-explosion samples from actual  cases. A1 though 

the re  were cases where NMR was n o t  s e n s i t i v e  enough t o  conf i rm 

TLC r e s u l t s  and could no t  match GC/MS, there were other  cases i n  

which the explosives residues were c l e a r l y  i d e n t i f i e d  by the NMR 

spectra. It seems t h a t  a1 though s e n s i t i v i t y  problems s t i l l  e x i s t ,  

NMR should no t  be r u l e d  ou t  f o r  forens ic  post-explosion analysis.  
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I 

T N l  
TNT 
902 

1 1 1 I I 1 1 ! I ! 
1 9 8 7 6 5 4 3 2 1 PPM 

FIGURE 6 
NMR spectrum o f  an e x t r a c t  o f  the debr is (mainly s o i l )  l e f t  a f t e r  
a t e s t  i n  which 1 kg TNT was detonated. TNT could be i d e n t i f i e d .  
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