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POST EXPLOSION ANALYSIS OF EXPLOSIVES 
BY MASS SPECTROMETRIC METHODS 

Shmuel Z i  tri n 

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 

The analys is  o f  t race amounts of explosives from post-explosion 

debr i s  - one o f  the most d i f f i c u l t  problems i n  fo rens i c  

chemist ry- is  s t i l l  c a r r i e d  out  i n  many l a b o r a t o r i e s  by 

chromatographic methods only. I n  recent  years several new methods 

have been appl ied to  the analysis o f  explosives. These inc lude  

mass spectrometr ic methods (GUMS,  LC/MS and MS/MS) and NMR 

methods. The poss ib le  app l i ca t i on  o f  these methods to  

post-expl osion analys is  i s  discussed and var ious aspects o f  the 

techniques are reviewed and compared. The choice o f  c a p i l l a r y  

column GC/MS as a rou t i ne  method i n  the I s r a e l  Po l i ce  l abo ra to ry  

i s  explained and examples from actual  cases are given. 
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INTRODUCTION 

chroma tog raphy 

(LC): The spec 

forens ic  analys 

Many forens ic  l abo ra to r ies  base t h e i r  post-explosion analys is  

on chromatographic methods only,  p a r t i c u l a r l y  t h i n  l a y e r  

TLC) and more recen t l y  1 i q u i d  chromatography 

a1 imp l i ca t i ons  o f  a p o s i t i v e  i d e n t i f i c a t i o n  i n  

s l e d  our l abo ra to ry  t o  a self-imposed c r i t e r i o n :  

i d e n t i f i c a t i o n  o f  an organic compound should no t  r e l y  on ly  on 

chromatographic methods, even when several combinations o f  these 

methods are employed. This c r i t e r i o n  i s  s t r i c t l y  adhered t o  i n  

the analys is  o f  drugs. I f  a syr inge i s  suspected t o  con ta in  

t races o f  heroin, TLC, gas chromatography (GC) o r  LC are not  

considered s u f f i c i e n t  f o r  p o s i t i v e  i d e n t i f i c a t i o n .  A mass 

spect ra l  i d e n t i f i c a t i o n  i s  necessary t o  conf i rm the 

chromatographic r e s u l t s  and w i thou t  i t  the exper t  would n o t  g i ve  

a p o s i t i v e  r e s u l t .  

1 

Unfortunately,  t h i s  c r i t e r i o n  cannot always be imposed i n  the 

analys is  o f  explosives. There i s  obviously no problem w i t h  

unexloded mater ia l ,  where the amount o f  t he  sample enables the 

use o f  spectrometr ic methods t o  conf i rm the  chromatographic 

resu l t s .  I n f r a r e d  ( IR )  spectrometry, mass spectrometry (MS) and 

nuclear magnetic resonance (NMR)spectrometry can e a s i l y  be 

employed. The problems encountered i n  apply ing these methods t o  

post-explosion analys is  are described i n  t h i s  paper and the 

successful use o f  GC/MS t o  conf i rm TLC r e s u l t s  from 

post-explosion e x h i b i t s  i s  described. 
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EXPERIMENTAL 

GC/MS was carried o u t  on a Finnigan 4500 quadrupole mass 

spectrometer. The GC column was a J & W fused silica capillary 

column, 15 m X 0.25 mn (I.D.) w i t h  0.25 ,um coating of DB-5. 

Temperatures were programmed from 7OoC t o  27OoC a t  15%/min. 

Injector temperature was 18OoC. Electron energy was 70eV in both 

electron impact (EI) and chemical ionizat ion (CI) modes. Helium 

was the GC carrier gas and methane was the CI reagent gas. More 

details are reported el sewhere? 

NMR spectrometry was carried o u t  on a Bruker WM-250 

instrument, using 250 MHz frequency. More details are reported 

el sewhereO4 

RESULTS AND DISCUSSION 

The reason t h a t  many forensic laboratories use only 

chromatographic methods in their post-explosion analysis i s  

probably because the application of spectrometric methods ( IR, 

MS, NMR) t o  samples taken from the explosion s i te  has often been 

found impractical. A1 though exhibits from the post-explosion 

debris are f i r s t  extracted w i t h  acetone and the extract i s  

cleaned (when necessary) on a chromatographic column, large 

amounts of impurfties often remain. T h i s ,  combined w i t h  the fact 

t h a t  only small amounts of the original explosives are present i n  

the extract, excludes IR from being successful i n  most cases. 
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Experiments i n  the use of NMR for post-explosion analysis gave 

some unexpected results. A priori i t  was assumed t h a t  when 

applied t o  post-explosion residues the method would suffer from 

similar disadvantages as I R :  relatively h i g h  detection limits and 

interference from impurities. A study designed t o  test the 

appl  icabil ity of NMR t o  post-explosion analysis showed t h a t  the 

method was successful i n  several post-expl osion cases? The 

proton NMR spectra of certain explosives like RDX and PETN are 

characterized by one singlet a t  a relatively low field. Therefore 

interference from protons of usual organic contaminants i s  

minimal. Figure 1 i s  an example of the analysis of a 

post-explosion extract by NMR! w i t h o u t  any separation prior t o  

the NMR analysis. The protons o f  RDX and PETN, which resonate as 

singlets a t  6= 4.89 ppm and 6- 6.26 ppm, respectively, are 

clearly observed. The example i n  Figure 1 proves t h a t  NMR could 

be very valuable i n  some post-explosion analyses. However, there 

were cases where spots of nitrate esters and nitramines were 

detected by Griess reagent on a TLC plate b u t  when the samples 

were subjected to  NMR no explosives were detected. The reason 

could be the "sensitivity gap" of 1-2 orders of magnitude between 

the methods (-1OPg for most explosives i n  NMR4 vs. 1-O.lyg i n  

TLC '1. 
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1 r r r v  

FIGURE 1 
NMR spectrum (protons) o f  a post-explosion extract (case 
3687/85). PETN and RDX were identified. 
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Mass spectrometry i s  probably the  best  method ava i l ab le  f o r  

the analys is  o f  sub-microgram amounts o f  organic compounds, being 

a s e n s i t i v e  and a r e l i a b l e  method. D i r e c t  i n t r o d u c t i o n  o f  

post-explosion samples i n t o  the mass spectrometer i s  i n  many 

cases impract ica l .  Even a f t e r  c leaning the e x t r a c t  on a 

chromatographic column the ions o r i g i n a t i n g  from i m p u r i t i e s  o f t e n  

g i ve  r i s e  t o  a complicated spectrum from which the explos ive 

cannot be i d e n t i f i e d .  There are, however, some c h a r a c t e r i s t i c  

ions l i k e  NO'and NO; i n  the mass spectra o f  n i t r a t e  es te rs  and 

ni t ramines which have a n a l y t i c a l  value even among t h e  many o the r  

unre lated ions. Also, the MS ana lys i s  u s u a l l y  f o l l ows  TLC, so 

there i s  an i n d i c a t i o n  about the type o f  explosive.  It i s  then 

eas ie r  t o  f i n d  s i g n i f i c a n t  ions r e l a t e d  t o  the suspected 

explosive.  A1 though t h i s  c o n s t i t u t e s  an improvement over the "TLC 

only"  s i t u a t i o n  e x i s t i n g  i n  many forens ic  l abo ra to r ies ,  i t  does 

n o t  meet our c r i t e r i a  f o r  p o s i t i v e  i d e n t i f i c a t i o n .  

When a "gentle" i o n i z a t i o n  method l i k e  CI i s  employed a 

r e l a t i v e l y  simple spectrum i s  produced. It usua l l y  conta ins fewer 

ions than the corresponding E I  spectrum and o f t e n  includes 

molecular weight informat ion.  These features make CIMS more 

s u i t a b l e  for  a d i r e c t  MS ana lys i s  o f  post-explosion samples. 

F igu re  2 shows the CI (methane) mass spectrum o f  a post-explosidn 
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1Cri.l 
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M.'Z 
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346 'j2 
I 

3% 

FIGURE 2 
CI - methane mass spectrum (using d i r e c t  probe) o f  a 
post-explosion ex t rac t  (case 395/86). PETN was i d e n t i f i e d .  
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extract from the debris of a blown up safe. The sample was 

introduced t o  the ion source of the mass spectrometer through the 

direct probe inlet, after being cleaned on a florisil column. 

PETN was 

fragment 

Figure 2 

identified by i t s  [M+H]' ions a t  m/z 317 and by some 

ions, mainly [M+H-HN031 . The mass spectrum shown i n  

seems t o  be sufficient for positive identification of 

+ 

PETN, especially when an EI mass spectrum is also recorded and 

the typical low mass ions a t  m/z 30, 46 and 76 (NO', NO; and 

CH20NOZ , respectively) are observed. Nevertheless, the method is 
+ 

no t  general. Some explosives give CI spectra containing only 

[M+H] ions which a1 though indicating molecular weights cannot 

serve as a basis for positive identification. Moreover, many 

+ 

post-expl osion samples nil 1 not give interpretable mass spectra 

even under CI conditions. 

The obvious solution seems to use a separation method like LC 

or GC ''on 1 ine" w i t h  the mass spectrometer. Some explosives are 

known to be thermally labile under GC conditions. Possible 

decompositions of RDX , PETN and tetryl were reported. Other, 

1 i ke HMX or cell ul ose nitrate ( " n i  trocel 1 ul ose" 1 are too 

involatile for GC analysis. I t  seems t h a t  LC/MS is the more 

suitable method for post-explosion analysis, especially w i t h  the 

introduction of the ''thermospray" technique . There is, 

6 5 3 

7,8 
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The good resul ts obtained w i t h  unexploded explosives are 

hardly surprising. Much more impressive are the results obtained 
3 by GC/MS i n  actual post-explosion samples. 

Figure 3 shows the total  ion and the m/z 46 mass chromatograms 

from an extract of the debris of a blown up safe. The peak 

emerging after 587 seconds, located clearly by the m/z 46 mass 

chromatogram could be attributed t o  RDX by i t s  EI mass spectrum 

(Figure 4) .  The residues from an explosive charge which had been 

detonated inside a l i t ter  can were subjected to GC/EIMS and 

GC/CIMS. We use GC/CIMS especially when nitrate esters are 

involved! The total ion and mass chromatograms i n  the GC/EIMS 

and GC/CI#S analyses are shown i n  Figure 5 and 6, respectively. 

The resulting El and CI mass spectra gave a positive 

identification of NG. Other examples for the successful use of 

capillary column GC/MS i n  post-explosion analysis is  described 

el sewhere 

I n  recent years tandem mass spectrometry (MS/MS) was tried on 

several types of compounds9, including explosives!' The 

equipment is  too expensive and too sophisticated for most 

forensic laboratories so i t  is  not  surprising t h a t  no reports on 

analysing post-explosion samples from actual cases have been 

published. Yet the method seems potentially suitable for 
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P I 5  t VASf IwmMPTwS.AM DATP; i735 I1 SCPNS 1 TO leRB 
8143,U"G I5:16:w CALI: FC3 1 4  
SWLE:  i i 1 3 4 5  -In- %EM (ZT) 
CONCIS.: GCEI, i3-5,'IW. €8-278 (15 04l)  INJ. lBB 
PsllZE: G 1,1233 LMEL: N 8, 4.8 mJ6W R 8, 1.8 J 0 ROSE: U ZR. 3 

1m.1 

46 

3124. 

46.814 
f 0 . m  

FIGURE 3 
Total ion and mass chromatograms o f  a post-explosion extract 
(case 7733/85). The peak emerging after 587 seconds was 
identified as R D X  (see Figure 4 ) .  
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FIGURE 4 
E I  mass spectrum o f  the peak emerging a f t e r  587 seconds i n  Figure 
3 (case 7733/85). RDX was i d e n t i f i e d .  
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l e a l  

46 

736. R- 

PIC- 

w. 

46.814 
8.588 

I I I 1 
I 393728. 

FIGURE 5 
Total ion and mass chromatograms of a post-explosion extract 
(case 135/86). The peak emerging after 270 seconds was 
identified as NG. 
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1m.t 

I6S 

24 57 87 119 147 177 
I 

RIC 

280 20d a 
l84d 3128 5:m 61 48 8:28 
IUQ 

FIGURE 6 
Total ion and mass chromatograms (CI-methane) o f  a post-explosion 
extract (case 135186). The peak emerging after 267 seconds was 
identified as NG. 
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however, a major p r a c t i c a l  l i m i t a t i o n  r e l a t e d  to  the operat ion o f  

LC/MS i n  a forens ic ,  serv ice-or iented 1 aboratory. Most mass 

spectrometers i n  mu1 ti - func t i on  fo rens i c  l abo ra to r ies  operate i n  

the  GC/MS mode, analysing inflammable l i q u i d s ,  drugs and 

pest ic ides.  It i s  n o t  p r a c t i c a l  - al though i t  may be so i n  the  

f u t u r e  - t o  a l t e r n a t e  between GC/MS and LC/MS on an instrument 

which has much workload. 

As t h i s  i s  the case i n  our l abo ra to ry  we have chosen GC/MS as 

t h e  method f o r  p o s i t i v e  i d e n t i f i c a t i o n  i n  post-explosion 

analys is .  The same column (see EXPERIMENTAL) i s  used f o r  drugs, 

pes t i c ides  and explosives. We s t a r t e d  our experiments i n  GC/MS o f  

explosives w i t h  a 30 m capi 1 1 a ry  c o l  umn. 

N i  t roaromat ic compounds 1 i ke TNT posed no problem b u t  some 

n i t r a t e  esters  (e.g. PETN) or  n i t ramines (e.g. RDX) showed 

decreased s e n s i t i v i t y  and poss ib le  decompositions. To minimize 

thermal decomposition we s h i f t e d  to a 15 m column. Also, t h e  

i n j e c t o r  was kept  a t  a r e l a t i v e l y  low temperature (18OOC).  Under 

these cond i t i ons  we succeeded t o  analyse 10 ng o f  most common 

explosives3, i nc lud ing  TNT, g l yce r ine  t r i n i  t r a t e  (NG) ,  ethy lene 

g l yco l  d i n i t r a t e  (EGDN) and RDX. PETN was a l so  analysed bu t  with 

1 ower sensi ti v i  ty  . T e t r y l  decomposed thermal l y  b u t  the product - 
i d e n t i f i e d  as N - m e t h y l p i ~ r a m i d e ~  - emerged as a s i n g l e  

chromatographic peak from which the o r i g i n a l  presence o f  t e t r y l  

coul  d be deduced. 
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post-explosion analysis. From the ions separated by the f i r s t  

mass spectrometer, which come from both the impur i t ies  and the 

explosive, only pre-sel ected ions (according t o  the "suspected" 

explosive) w i l l  go i n to  the c o l l  i s i o n a l l y  act ivated decomposition 

(CAD) chamber. The ions formed by CAD w i l l  be separated by the 

second mass spectrometer and the resu l t ing  CAD spectra w i l l  

characterize the explosive. Such procedure could save tedious 

cleaning o f  the post-explosion extract. But, as stated before, 

the method has y e t  to be tested i n  actual cases. 

CONCLUSIONS 

For years forensic laborator ies have based t h e i r  

post-explosion analysis only on chromatographic methods, mainly 

TLC. Although papers about other analy t ica l  methods l i k e  MS o r  

NMR f o r  the analysis o f  explosives have appeared, the 

incorporation o f  these methods i n t o  rout ine work did not  

material ize. I n  the Israel Pol i ce  Laboratory organic ext ract ions 

from every post-explosion case are now subjected - fo l lowing TLC 

screening - to GC/MS. The examples shown i n  t h i s  paper and 

elsewhere show demonstrate tha t  GC/MS i s  a successful method f o r  

post-explosion cases invo lv ing organic explosives, so the days o f  

"TLC only" should be over. 

3 

ACKNOWLEDGEMENTS 

The author would 

spec tromery work 

l i k e  t o  thank Ms. Tsippy Tarniri f o r  the mass 

and Prof. Yair Margal i t  f o r  the NMR spectra. 

213 

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



REFERENCES 

1. J. Yinon and S. Z i t r i n ,  "The analys is  o f  Explosives", Pergamon 

Press, Oxford, 1981 Chapter 5 pp. 59-85. 

2. I. K r u l l ,  "HPLC Analysis of  Explosives and Related Mater ia ls" ,  

i n  "High Performance L i q u i d  Chromatography i n  Forensic 

Chemistry", ed. I.S. Lur ie  and J.D. Wittwer, Jr., Marcel 

Dekker, Inc., New York, 1983 pp. 357-398. 

3. T. Tamiri and S. Z i t r i n ,  J. Energetic Mater ia ls ,  t h i s  issue. 

4. Y. Marga l i t ,  S. Abramovich-Bar, Y. Bamberger, S. Levy and S. 

Z i t r i n ,  J. Energetic Mater ia ls ,  t h i s  issue. 

5. M.A. Kaplan and S. Z i t r i n ,  J .  Assoc. O f f .  Anal. Chem. - 60 , 
619 (1977). 

6. M.L. Rowe, J. Gas Chromatogr. - 4, 420 (1966). 

7. C.R. Blackely and M.L. Vestal, Anal. Chem. - 55, 750 (1983). 

8. R.D.Voyksner and J. Yinon, J.  Chromatogr. - 354, 393 (1986). 

9. J.V. Johnson and R.A. Yost, Anal. Chem. - 57, 759A (1985). 

10.S.A. McLuckey, G.L. G l i s h  and J.A. Carter,  J. Forensic Sci. 

30, 773 (1985). - 

21 4 

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


