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CAPILLARY COLUMN GAS CHROMATOGRAPHY/ 

MASS SPECTROMETRY OF EXPLOSIVES 

Tsippy Tamiri and Shmuel Z i t r i n *  

D i v i s i o n  of Cr iminal  I d e n t i f i c a t i o n ,  
I s r a e l  National Pol ice,  

Jerusalem, I s r a e l  

ABSTRACT 

Gas chromatography/mass spectrometry (GC/MS using a 15 m long 

c a p i l l a r y  column has been employed i n  our l abo ra to ry  f o r  the 

analys is  o f  explosives. The technique i s  su t a b l e  f o r  most o f  the 

comnon m i l i t a r y  explosives. N i  t roaromat ic compounds 1 i k e  TNT were 

analysed e a s i l y  and w i t h  h igh s e n s i t i v i t y  and so were the 

v o l a t i l e  n i t r a t e  esters  l i k e  g l yce r ine  t r i n i t r a t e .  Success was 

a l so  achieved i n  the analys is  o f  PETN and RDX, which had 

p rev ious l y  been reported to pose problems under GC condi t ions.  

T e t r y l  was shown t o  decompose dur ing the analys is  b u t  i t s  

decomposition product was we l l  def ined and could serve as 

evidence to the presence o f  t e t r y l .  The method was successfu l ly  

app l i ed  t o  post-explosion debr is  from actual  cases. 

. ................................................................ 
* Author t o  whom correspondence should be addressed. 
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INTRODUCTION 

Many o f  the explosives encountered by the I s r a e l  Pol ice 

l abo ra to r ies  are organic m i l  i t a r y  explosives and the re fo re  are 

analysed by the usual ana ly t i ca l  methods f o r  organic compounds. 

Analysis i s  performed both on unexploded explosives and on 

post-explosion debr is.  It i s  post-explosion analys is  where 

special d i f f i c u l t i e s  e x i s t .  The important steps before the 

analys is  are c o l l e c t i n g  the r i g h t  e x h i b i t s  from the explosion 

s i t e  and us ing s u i t a b l e  e x t r a c t i o n  and p u r i f i c a t i o n  processes. 

The samples are then subjected t o  t h i n  l a y e r  chromatographic 

(TLC) analys is .  A1 though TLC o f t e n  gives s a t i s f a c t o r y  resu l t s ,  

i t  i s  our p o l i c y  n o t  t o  base an i d e n t i f i c a t i o n  o f  an organic 

compound i n  a fo rens i c  l abo ra to ry  on chromatographic r e s u l t s  

on l y?  Usual ly  i n f r a r e d  ( I R )  spectrometry o r  mass spectrometry 

should be used t o  conf i rm the TLC r e s u l t s  b u t  t h i s  i s  n o t  always 

f e a s i b l e  i n  post-explosion analysis.  I R  i s  o f t e n  imprac t i ca l  : n o t  

only t h a t  t he  amount o f  the explos ive i s  too small b u t  i t  i s  

o f ten  accompanied by l a r g e  amounts o f  i m p u r i t i e s  from the debr is,  

which obscure the I R  spectrum. We r e p o r t  here the choice o f  GC/MS 

as a r e l i a b l e  method by which TLC r e s u l t s  from post-explosion 

cases coul d be conf i rmed . 

1 

This  choice r a i s e s  the question o f  the thermal s t a b i l i t y  o f  

explosives under GC condi t ions.  N i  t roaromat ic compounds pose no 

problems i n  t h e i r  GC analys is  b u t  poss ib le  thermal decompositions 

were repor ted f o r  some n i t r a t e  es te rs  and nitramines! The 

216 

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



working conditions described in this paper are suitable for the 

GC analysis of most common explosives. 

EXPERIMENTAL 

GC/MS was carried ou t  on a Finnigan 4500 quadrupo'le mass 

spectrometer. The GC column was a J & W fused s i l ica  capillary 

column, 15 m X 0.25 mn (1.D.) w i t h  0.25 Prn coating of DB-5. 

Temperatures were programmed from 7OoC t o  27OoC a t  1 5 O C / m i n .  

Injector temperature was 18OoC. Ion source temperature was 14OoC. 

Scan range was 30-500 or 40-500 mass units. Scan rate was 1 

scan/sec. Electron energy was 70 eV b o t h  i n  electron impact (EI) 

and chemical ionization (CI) modes. Helium was the GC carr ier  gas 

and methane was used as the CI reagent gas. 

RESULTS AND DISCUSSION 

Figure 1 shows the total ion chromatogram of the mixture of 6 

common explosives: glycerine t r in i t ra te  ( N G ) ,  2,4-dinitrotol uene 

(DNT), 2,4,6- trinitrotoluene (TNT), pentaerythritol te t rani t ra te  

(PETN),  1,3,5-trinitro - 1,3,5-triazacyclohexane ( R D X )  and 

2,4,6-trini trophenylmethylni tramine ( te t ryl  1.  All emerged from 

the column as well separated sharp chromatographic peaks. The 

separation was made on a 15 m capillary column (see 

EXPERIMENTAL). Poorer resul ts were obtained on a 30 m column: 

PETN and RDX failed sometimes to emerge from the longer column. 
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FIGURE 1 

Total ion chromatogram o f  a mixture containing six explosives. 
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It seems t h a t  the use o f  shor ter  columns minimizes the thermal 

decomposition o f  explosives w i t h  greater thermal i n s t a b i l i t y .  The 

l o s s  o f  reso lu t i on  caused by the use o f  the 15 m column i s  n o t  a 

major problem and condi t ions can be found i n  which a s a t i s f a c t o r y  

separat ion is  achieved on the shor t  column. In most explos ive 

analyses the GC column serves mainly as a se e c t i v e  entrance t o  

t h e  i o n  source o f  the mass spectrometer so t h a t  mass spectrometry 

could be appl i e d  t o  post-expl osion ex t rac ts .  

F igure 2 shows the t o t a l  i o n  chromatogram o f  a m ix tu re  

con ta in ing  10 ng o f  each o f  the above l i s t e d  explosives:  a l l  b u t  

PETN emerged as d i s t i n c t  chromatographic peaks from which 

complete EI mass spectra could be recorded. 

A t y p i c a l  post-explosion t o t a l  i on  chromatogram i s  shown i n  

t h e  lower p a r t  of Figure 3. The peak emerging a f t e r  321 seconds 

belongs t o  TNT, as was proven by i t s  EI mass spectrum. The upper 

p a r t  o f  F igure 3 shows the mass chromatogram f o r  the m l t  210 

ions, which are the most abundant ions i n  the  EI mass spectrum o f  

TNT. The mass chromatogram i s  h e l p f u l  when the re  i s  an a p r i o r i  

i n d i c a t i o n  - o f ten  based on TLC r e s u l t s  - about the i d e n t i t y  o f  

t he  explosive. I n  t h i s  way the chromatographic peak o f  the 

explos ive i s  imnediately located and i t s  mass spectrum recorded. 

The advantage o f  the mass chromatogram mode i s  demonstrated i n  

another post-explosion e x t r a c t  (F igure 4), where i t  i s  ev ident  
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241-NG 

.?2O-2.4.CNT 

415-2#4.6 TEll 

493-FDX 

532-TETRYL 

538%. 

FIGURE 2 
Total i on  chromatogram o f  10 ng o f  each o f  the  fo l lowing 
explosives: NG, 2,4-DNT, TNT, PETN, RDX and t e t r y l .  A l l  but  PETN 
were detected. 
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2264. 

FIGURE 3 
Total ion chromatogram of a post-explosion extract (case 5387/85). 
The peak emerging after 321 seconds was identified as TNT. 
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FIGURE 4 
Tota l  ion and mass chromatograms o f  a post-explosion e x t r a c t  
(case 1667/86). The peak emerging a f t e r  412 seconds was i d e n t i f i e d  
as TNT. 
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t h a t  by l ook ing  only a t  the t o t a l  i on  chromatogram the presence 

o f  TNT could be missed. Using the m/z 210 mass chromatogram the 

peak belonging t o  TNT was located and i t s  E I  mass spectrum 

recorded (F igure 5 ) .  A s i m i l a r  example i s  taken from a case where 

a bomb was exploded on the roadside near the c i t y  o f  Nablus. The 

chromatographic peak o f  RDX i s  n e g l i g i b l e  i n  the t o t a l  i o n  

chromatogram (F igure 6; marked w i t h  an arrow) bu t  i t  was located 

by the m/z 30 and 46 mass chromatograms. I t s  complete mass 

spectrum i s  shown i n  the upper p a r t  o f  Figure 6. 

Many n i t r a t e  esters  have very s i m i l a r  E I  mass spectra. Thus, 

the  E I  mass spectra o f  NG, ethylene g lyco l  d i n i t r a t e  (EGDN) and 

PETN con ta in  c h a r a c t e r i s t i c  ions a t  m/z 30 (NO'), 46 (NO; 1 and 

76 (CH2NO; b u t  no molecular ions? This causes d i f f i c u l t i e s  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  esters  by EIMS. I n  order n o t  t o  

base t h e i r  i d e n t i f i c a t i o n  on GC r e t e n t i o n  times only, we use CIMS 

f o r  the i d e n t i f i c a t i o n  o f  n i t r a t e  esters.  C I  mass spectra o f  

n i t r a t e  esters' conta in  molecular weight in format ion and the 

d i f f e r e n t  es te rs  are e a s i l y  d is t inguished.  It should be noted, 

however, t h a t  GC/CIMS o f  explosives on our instrument and under 

our working condi t ions (See EXPERIMENTAL) i s  l ess  s e n s i t i v e  than 

GC/EIMS. 
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EH M: zia 
R I C i  16272. 

FIGURE 5 
EI mass spectrum o f  the peak emerging after 412 seconds (Figure 
41, corresponding to the E I  mass spectrum o f  TNT. 
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I1.V I 

1218. 

I t i l .  

FIGURE 6 
Total i o n  and mass chromatograms o f  a post-explosion e x t r a c t  
(case 1209/86) and EI mass spectrum o f  the  peak emerging a f t e r  492 
seconds, i d e n t i f i e d  as RDX. 
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The similarity between the E I  mass spectra of NG and EGDN as 

well as the differences in their CI-methane mass spectra are 

demonstrated i n  Figure 7. The major fragment ions in the 

CI-methane spectra are a t  m/z 165 and m/z 90 for NG and EGDN,  

respectively. They result by the loss of nitric acid from the 

corresponding protonated molecular ions, a well known process i n  

the  CIMS of nitrate esters5’6The use of GC/EIMS and GC/CIMS for 

post-explosion analysis involving a nitrate ester explosive is  

demonstrated in Figures 8 and 9,  respectively. The extract was 

taken from the debris left  by a bomb w h i c h  had been exploded near 

Tel Aviv University. Following. the TLC results, the presence of 

NG was first confirmed by i t s  GC/EIMS data ,  shown i n  Figure 8. 

However, the EI mass spectrum is not  unique enough and other 

nitrate esters cannot be definitely excluded. The GC/CIMS da ta ,  

shown i n  Figure 9, give conclusive evidence for the presence of 

NG. 

Another example involving the identification of NG was the 

post-expl osion analysis of an improvised explosive conceal ed in a 

l i t t e r  can near the Government House in the city of Gaza. Figure 

10 shows the total ion chromatogram of the extract, using 

GC/EIMS. NG appeared as a very small chromatographic peak 

emerging after 297 seconds; again, i t  was conclusively identified 

by GC/CIMS. The main chromatographic peak in Figure 10 was 

identified as ethyl central ite, a comnon stabilizer in smokeless 
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v.n- 

T 

1827% 

1 m .  

FIGURE 8 
Total ion and mass chromatograms o f  a post-explosion extract 
(case 8137/85) and EI mass spectrum of the peak emerging after 274 
seconds, identified as NG. 
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FIGURE 9 
Total ion and mass chromatograms (CI-methane) o f  a post-explosion 
e x t r a c t  (case 8137/85) and CI-methane mass spectrum o f  the  peak 
emerging a f t e r  270 seconds, i d e n t i f i e d  as NG. 
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I F .  

PI 

FIGURE 10 
Total ion chromatogram of a post-explosion extract (case 6527/86). 
The peaks emerging after 297 and 570 seconds were identified as NG 
and ethyl central i t e ,  respectively. 
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powders. I t s  presence ind icate& t h a t  the o r i g i n  o f  the NG was 

smoke1 ess powder ra ther  than dynamite. 

Smokeless powder i s  used by t e r r o r i s t s  i n  I s r a e l  as the  main 

charge i n  home-made improvised explosives. It i s  c o l l e c t e d  from 

amnuni t i o n  and when su i tab l y  confined i n  a pipe i t  serves as an 

explos ive charge. Compared w i t h  the unexploded propel 1 ant, the 

r a t i o  between the amounts o f  e thy l  cen t ra l  i t e  and NG i n  F igure 10 

seems unusual l y  1 arge, even a f t e r  a1 1 owing f o r  poss ib le  thermal 

decomposition o f  NG and lower s e n s i t i v i t y  i n  i t s  de tec t i on  by 

t o t a l  i o n  current .  A possible explanat ion could be t h a t  NG 

decomposes dur ing the explosion ( o r  burning) o f  smokeless powder 

w h i l e  e t h y l  c e n t r a l i t e  does not. 

It i s  ev ident  from Figure 2 t h a t  the s e n s i t i v i t y  o f  GC/EIMS 

f o r  PETN i s  n o t  as h igh as f o r  the other  explosives studied. As 

s ta ted  above, we use GC/CIMS t o  conf i rm the presence o f  n i t r a t e  

es te rs  and t h i s  - under our working condi t ions - lowers the 

s e n s i t i v i t y  even more. As a r e s u l t  our record i n  conf i rming TLC 

r e s u l t s  f o r  PETN by GC/MS has not  been sa t i s fac to ry ,  a l though we 

have had some success? I n  severe1 cases where GC/MS f a i l e d  t o  

con f i rm  TLC r e s u l t s  i n d i c a t i n g  PETN we successfu l ly  obtained i t s  

mass spectrum by d i r e c t  probe inse r t i on .  I n  these cases c leaning 

t h e  post-explosion e x t r a c t  on a chromatographic column i s  a 

necessary prequis i te .  The CI-methane spectrum o f  an e x t r a c t  from 

debr i s  l e f t  a f t e r  a safe i n  a diamond-polishing f a c t o r y  had been 
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blown up i s  shown in Figure 11. The extract  was cleaned on a 

f lor i s i l  column, concentrated and then introduced directly into 

the mass spectrometer v i a  the direct probe. PETN was conclusively 

identified by the resulting CI-methane spectrum. The ions a t  m/z 

317 and m/z 254 correspond t o  [M+HI+ and [R+H-HNO3I+ ,  

respectively. Two unusual adduct ions are observed a t  m/z 346 and 

m/z 362, corresponding t o  [M+NO]+ and [M+NO21+ , 

respec t i  vel y . 5-7 
The chromatographic peak attributed t o  tetryl  i n  Figure 1 gave 

an EI spectrum (Figure 12) which was different from previously 

EI mass spectra of te t ry l .  The spectrum obtained publ i shed 

by GC/CIMS also differed from the previously 

publ ished s J 6 ’ 1 0  spectra and indicated a possible molecular 

weight of 242. As the previously reported spectra were obtained 

by using a direct  probe, we assumed that tetryl  decomposed during 

i t s  GC analysis. The EI and CI-methane mass spectra of the 

product emerging from the column during the GUMS o f  te t ryl  could 

correspond to N-methyl picramide. We prepared N-methyl picramide by 

hydrolysing tetryl!’ I t s  EI and CI mass spectra were similar t o  

those obtained by GC/MS of te t ryl ,  except that the synthesized 

product contained a1 so some picramide. The hydrolysis of tetryl  

du r ing  the GC analysis could take place a t  the injector, which 

was held a t  relatively h i g h  temperatures. The hydrolysis scheme 

i s  shown i n  Figure 13. 

6 , 8 2 9  
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FIGURE 11 
CI-methane mass spectrum (using direct probe) of a post-explosion 
extract (case 6935/85). PETN was identified. 

233 

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



FIGURE 12 
EI mass spectrum o f  the chromatographic peak emerging i n  GC/MS o f  
t e t r y l  . It was ident i f ied  as N-methylpicramide. 

TETRY L 
M.W. = 287 

N-METHY LPICRAMIDE 
M.W. = 242 

FIGURE 13 
The hydrolysis o f  t e t r y l  to N-methyl picramide. 
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71049. 

FIGURE 14 
Total ion chromatogram of a post-explosion extract (case 451/84). 
The peak emerging after 594 seconds was identified as 
N-methylpicramide, indicating the presence of tetryl . The peaks 
emerging after 416 and 508 seconds were identified as TNT and RDX, 
respectively. 
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Thus, the i den t i f i ca t i on  o f  N-methylpicramide by GC/MS, 

combined w i th  TLC resu l ts  ind ica t ing  t e t r y l  could serve as 

evidence f o r  the presence o f  t e t r y l .  Figure 14 shows the t o t a l  

ion  chromatogram o f  a post-explosion ext ract  from the residues o f  

a bomb which had been detonated on a roadside i n  Lebanon. The 

N-methylpicramide, i d e n t i f i e d  by i t s  E I  mass spectrum, indicated 

the or ig ina l  presence o f  t e t r y l  . RDX and TWT were a1 so i d e n t i f i e d  

i n  t h i s  extract. 

CONCLUSIONS 

The "real l i f e "  examples discussed above prove tha t  a1 though 

some explosives are thermally l ab i l e ,  GC/MS i s  an excel lent  

pract ica l  method f o r  a re1 iab le  post-explosion i d e n t i f i c a t i o n  o f  

explosives. 
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