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DECOMPOSITION PRODUCTS OF PETN 
I N  POST EXPLOSION ANALYSIS 
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ABSTRACT 

TLC o f  post-explosion debr is  showed t h a t  i n  some cases PETN 

was accompanied by other  compounds which reacted w i t h  Griess 

reagent. The p o s s i b i l i t y  t h a t  these compounds could be lower 

n i t r a t e  esters  o f  pentaerythr i  to1 ( t r i  - , d i -  and mononi t r a t e )  

was examined. Lower n i t r a t e  esters  were obtained by hyd ro l ys i s  o f  

PETN and t h e i r  s t ructures were determined - f o l l o w i n g  separat ion 

- by mass spectrometry and NMR. Chromatographic data o f  these 

es te rs  matched data o f  the compounds which accompanied PETN i n  

c e r t a i n  post-explosion cases. The d i n i t r a t e  and t r i n i t r a t e  esters  

of pentaerythr f  to1 were i s o l a t e d  from post-explosion e x t r a c t s  and 

t h e i r  s t ruc tu res  confirmed by mass spectrometry and NMR. 
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INTRODUCTION 

Post-explosion analys is  i n  the I s r a e l  Pol i c e  Laboratory i s  

usua l l y  based on the i d e n t i f i c a t i o n  o f  the o r i g i n a l  explos ive 

r a t h e r  than i t s  decomposition products! With few exceptions - 
such as the i d e n t i f i c a t i o n  of th iocyanate as an i n d i c a t i o n  t o  the 

o r i g i n a l  presence o f  b lack powder2 - t h i s  i s  the general a t t i t u d e  

among forens ic  explos ive analysts. The reason i s  t h a t  many o f  the 

decomposition products e i t h e r  escape as gases o r  are common 

inorganic  s a l t s  (e.g. carbonates) from which the type o f  the 

o r i g i n a l  explos ive cannot be deduced. I n  t h i s  work we r e p o r t  t he  

appearance o f  decornposi t i o n  products which are s t r u c t u r a l l y  

re1  ated t o  the  o r i g i n a l  explosive - pen tae ry th r i  to1 t e t r a n i  t r a t e  

(PETN). Being unaware of t h e i r  ex is tence i n  post-explosion debr i s  

cou ld  lead to possib le  er rors .  

The appearance o f  decomposition products o f  g l yce r ine  

t r i n i t r a t e  i n  post-explosion e x t r a c t s  was f i r s t  not iced by 

He1 ie-Calmet and F o r e s t i e r ?  They found d i -  and mononi t r a t e  

es te rs  o f  g l yce r ine  i n  post-explosion e x t r a c t s  when g l yce r ine  

t r i n i t r a t e  was involved i n  the explosion. They prepared the two 

isomeric g l yce r ine  mononi t r a t e s  and the  two isomeric g l yce r ine  

d i n i t r a t e s .  I n  a l l  TLC systems t r i e d  the  Rf o f  t he  lower n i t r a t e  

es te rs  o f  g l yce r ine  corresponded t o  t h e  Rf o f  the spots which 

accompanied g l yce r ine  t r i n i  t r a t e  i n  some post-expl osion cases. 

They found s i m i l a r  bu t  l e s s  common behaviour i n  some 

post-explosion analyses i n v o l v i n g  PETN. 
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EXPER MENTAL 

Methods 

Thin Layer Chromatography (TLC) . TLC p la tes  were 10 X 20 cm 

aluminium p la tes  precoated w i t h  s i l i c a  gel 0.2 m t h i c k  ( S I  F 

Riedel de Haen). The developing so lvent  was (unless otherwise 

s tated)  t r i ch lo roe thy lene  - acetone (4 : l ) .  The developed p la tes  

were sprayed w i t h  3% KOH i n  ethanol fo l lowed by Griess reagent, 

which was prepared by mix ing equal volumes o f  two so lut ions.  a) 

5.5 g N-l-naphthylethylenediamine i n  100 m l  n i t r i t e - f r e e  H3P04, 

d i l u t e d  w i t h  water t o  1 l i t e r .  b )  80 g sul fani lamide i n  100 m l  

n i t r i t e - f r e e  H3P04, d i l u t e d  with water to 1 l i t e r .  

L i q u i d  Chromatography (LC) . The LC system included LKB 2152 

HPLC c o n t r o l l e r ,  2140 LKB r a p i d  spectral  detector  and 2150 HPLC 

pump. Separations were c a r r i e d  out  i n  a reversed phase mode on a 

250 X 4 mn (I.D.)column packed w i t h  C1g L ich roca r t  (Merck; 

p a r t i c l e s  s i ze  7pm).  The mobi le phase was methanol -water 

(65:35), operated a t  a f l o w  r a t e  o f  1 ml/min. The solvents were 

degassed p r i o r  to the analysis.  UV detect ion was made a t  b =  207 

nm . 
Mass Spectrometry (MS) . Mass spectrometry was c a r r i e d  out  i n  

the  chemical i o n i z a t i o n  ( C I )  mode on a) a DuPont 214908 s i n g l e  

focusing magnetic mass spectrometer, using isobutane as reagent 

gas. b) a Finnigan 4500 quadrupole mass spectrometer, us ing 
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methane as reagent gas. Samples were in t roduced d i r e c t l y  i n t o  the 

i o n  source whose temperatures were 200-250°C ( i n  a)  and 14OoC ( i n  

b ) .  

Nuclear Magnetic Resonance (NMR) Spectrometry Proton magnetic 

resonance spectrometry was c a r r i e d  o u t  on a Bruker W-250 

instrument,  using 250 FIHz frequency. The so l ven t  was acetone-d6 

M a t e r i a l s  

Pentaerythr i  to1 t e t r a n i  t r a t e  (PETN) was i s01  ated f r o m  a 

detonat ing cord. I t s  p u r i t y  was determined by TLC and i n f r a r e d  

( I R )  spectrometry. 

Hydro lys is  o f  PETN was based on a work o f  O i c a r l o  e t  a l ?  100 m l  

o f  dioxane-water (82:18) and 1 m l  conc. HC1 were added t o  1 g 

PETN and the mixture was ref luxed f o r  6 hours. Dioxane (50 ml)  

and ethanol (50 m l )  were then added and the m ix tu re  was 

concentrated to-20 m l .  S o l i d  Ca(OHI2 and dioxane (50 ml )  were 

added, the mixture was evaporated almost t o  dryness and 50 ml o f  

ethanol were added. Most unreacted PETN, c r y s t a l  1 i z e d  and was 

f i l t e r e d  out. The so lu t i on  was evaporated t o  dryness and the 

hyd ro l ys i s  products were separated on a s i l i c a  gel 

chromatographic column. Residual PETN was e l u t e d  w i t h  CYCl,;  

pen tae ry th r i  to1 t r i n i  t r a t e  was e lu ted  w i t h  CH2C1 - acetone 

(96:4) and pen tae ry th r i t o l  d i n i t r a t e  was e l u t e d  w i t h  CH2C12 - 
acetone (9O:lO). The p u r i t y  of the t r i n i t r a t e  and the d i n i t r a t e  

was conf i rmed by TLC and CIMS. A f r a c t i o n  con ta in ing  

pen tae ry th r i  to1 mononi t r a t e  was e lu ted  w i t h  CH2C12 - 2-propanol 

(9O:lO) b u t  the pure mononitrate was n o t  i so la ted .  
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RESULTS AND DISCUSSION 

F igu re  1 shows a TLC p l a t e  w i t h  an acetone-extract from a 

post-expl  os i  on case, The devel oping sol  vent was 

lY2-d ich loroethane - a c e t o n i t r i l e  ( 9 : l )  and v i s u a l i z a t i o n  was 

made by Griess reagent. The h ighest  spot corresponds t o  PETN. The 

lower spots could o r i g i n a t e  from compounds present i n  the 

o r i g i n a l  explosive (e.g. RDX) o r  from decomposition products o f  

PETN. The difference i s  espec ia l l y  important because an o r i g i n a l  

m ix tu re  o f  PETN and RDX, known as "Semtex", i s  widely used by 

t e r r o r i s t s .  

F igure 2 shows a TLC p l a t e  o f  the same e x t r a c t  i n  a d i f f e r e n t  

so lvent  system: t r i ch lo roe thy lene  - acetone (4:l). It i s  evident  

t h a t  the second highest spot i n  the post-explosion e x t r a c t  does 

n o t  correspond t o  RDX. 

F igure 3 shows a TLC p l a t e  w i t h  an acetone-extract  from a 

post-explosion case invo lv ing  PETN and the hydro lys is  products o f  

PETN. The s i m i l a r i t y  i s  obvious. 

The hydro lys is  products o f  PETN (4) are pentaerythr 

t r i n i  t r a t e  (21, - pentaerythr i  to1 d i n i  t r a t e  (?), pentaerythr  

mononitrate (4) and pen tae ry th r i t o l  ( 5 1. Thei r  s t ruc tu res  

shown i n  Scheme 1. 

- 

t o 1  

to1 

are 
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FIGURE 1 
Thin layer chromatogram o f  an acetone-extract from a 
post-explosion case (developing sol vent: 1,2-dichloroethane - 
acetoni trile 9: 1). 

FIGURE 2 
T h i n  layer chromatogram o f  an acetone-extract from a 
post-explosion case (developing solvent: trichloroethylene - 
acetone 4: 1). 
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FIGURE 3 
T h i n  layer chromatogram of an acetone-extract from a 
post-explosion case and of the hydrolysis mixture o f  PETN 
(developing solvent: trichloroethylene - acetone 4 : l ) .  
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CH2 ONO, CH2 ON02 
I I 

t I 
C H 2 0 N 0 2  CH2 ONO, 

02NOCH2 - C - C H 2 0 N 0 2  HOCH2 - C - C H 2 0 N 0 2  

P e n t a e r y t h r i t o l  t e t r a n i  trate(PETN,l) - Pen tae ry th r i  t o 1  t r i n i t r a t e ( 2 )  - 

CH2 ON02 CH2 O N 0 2  
I I 

HOCH, - C - C H 2 0 N 0 2  HOCH2 - C - C H 2 0 H  
I I 
C H 2 0 H  CHZOH 

PE t Pen tae ry th r i  to1 mononi t r a t e  ( 4 )  e r y t h r i  t o 1  d i n i  t r a t e  (3) - 

CH2 OH 
I 

HOCH2 - C - C H 2 0 H  
I 
CH20H 

P e n t a e r y t h r i t o l  ( - 5 ) 

Scheme 1 
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The next steps were the i s o l a t i o n  and i d e n t i f i c a t i o n  o f  the 

hyd ro l ys i s  plroducts o f  PTTN. Only the t r i n i t r a t e  - 2 and the 

d i n i t r a t e  - 3 were i so la ted  from the hydro lys is  mix ture f n  a 

r e l a t i v e l y  pure form, 

The chemical i o n i z a t i o n  ( C I )  mass spectra o f  - 2 and - 3 were 

taken, using isolbutane and methane as  reagent gases. With 

isobwtane, most o f  the i on  cu r ren t  was concentrated f n  the 

[M+H]+ ions,  a t  m/z 272 and 227 i n  the spectra Of 

respect ive ly .  The CI-methane spectra, shown i n  Figures 4 and 

5 , inc lude  - beside abundant [MtH]'ions - also some fragment 

ions.  The ions a t  mJz 209 (Figiure 4 )  and 164 (Figure 51 r e s u l t  by 

the l o s s  o f  n i t r i c  ac d from the corresponding [MtH]' ions o f  - 2 

and 3 . The process s known t o  occur i n  n i t r a t e  esters  under C I  

condi t ions5 The 10s o f  HNOj from the protonated molecule o f  

2 i s  shown i n  Scheme 2 .  

- 2 and - 3 

- 

- 

CH +NO CH $NO 2 CH*ONO 2 
I C H i  I -HOMO2 I 

HOCHZ - C - CH20NO2. HOCH2 - C - CG6NO;  -4 HOCHZ - C - CH; 
I I H I 

mJz 272  m/z 209 

Scheme 2 
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WE M I  272 
SIC, 64576. 

+ f  

CI-methane 
FIGURE 4 

mass spectrum o f  pentaerythr i  to1 t r i n i  t r a t e  (c), 
i s o l a t e d  from the hydrolysis mixture  o f  PETN. 

227 

FIGURE 5 
CI-methane mass spectrum o f  pentaery thr i to l  d i n i  t r a t e  (21, 
i s o l a t e d  from the hydrolysis mixture  o f  PETN. 
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The CI spectra of the t r in i t ra te  - 2 ( w i t h  both isobutane and 

methane) include an abundant ion a t  m/z 227, corresponding t o  the 

[M+Hf ion of the dinitrate - 3 . A loss of 45 m / t  units from the 

[M+H]+ ion of - 2 i s  highly  improbable. The presence of - 3 as an 

impurity i n  - 2 was excluded by TLC of the la t te r .  I t  seems that 

the t r in i t ra te  ester - 2 undergoes hydrolysis i n  the mass 

spectrometer to  yield the dinitrate - 3 , which i s  then protonated 

by the CI reagent gas. Other ions which complicate the mass 

spectra of these esters correspond t o  [M+NO]+ and CM+N027+ . They 

were reported ear l ier6 i n  the mass spectra of ni t ra te  es ters  and 

were attributed t o  ion-molecule reactions favoured by h i g h  sample 

concentration and " t i g h t "  \on source. The presence of 

[M+N021+ ion i n  the spectrum of the t r in i t ra te  - 2 (m/z 317 i n  

Figure 4)  could lead t o  the conclusion that PETN was present as 

an impurity. I t  was shown by TLC that  this was not  the case. 

The structures of the t r in i t ra te  - 2 and the dini t ra te  - 3 

were confirmed by their  NMR spectra. The protons adjacent t o  the 

ni t ra te  group resonate as singlets a t  6= 4.77 ppm and 4.67 ppm 

i n  - 2 and - 3 , respectively. By comparison, the protons o f  PETN 

resonate a t  4.87 ppm. The protons adjacent to  the hydroxyl group 

resonate as doublets a t  b= 3.79 ppm and 3.69 ppm i n  - 2 and 

- 3, respectively. 

. 

Now #at we have proven the formation of - 2 and - 3 dur ing  

the hydrolysis of PETN, i t  remained to  try and isolate them from 

actual post-explosion cases. 
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Figure 6 shows the  LC r e s u l t s  from an actual  post-explosion 

case i n v o l v i n g  PETN. The f r a c t i o n s  corresponding t o  the 

chromatographic peaks B and C were c o l l e c t e d  and subjected t o  

CIMS and NMR. Thei r  s t ruc tu res  f u l l y  corresponded t o  

pen tae ry th r i t o l  d i n i t r a t e  ( 3 )  and pentaerythr i  to1 t r i n i  t r a t e  (g), 

respect ive ly .  Peak D corresponded t o  PETN w h i l e  peak A remained 

un iden t i f i ed .  Figures 7 and 8 show the CI-methane mass spectra o f  

f ract ions C and B (F igure 6)  c o l l e c t e d  from the LC separat ion o f  

the post-explosion ex t rac t .  The s i m i l a r i t y  t o  the CI-methane 

spectra o f  - 2 (F igure 4 )  and - 3 (F igure 51, respect ive ly ,  i s  

obvious. The NMR spect ra o f  f r a c t i o n s  C and 8 from the LC 

separation were a l so  i d e n t i c a l  w i t h  the NMR spectra o f  - 2 and 

- 3,  respect ive ly .  

F igure 9 shows the  NMR spectrum o f  an acetone-extract from a 

post-explosion case. No separat ion was made p r i o r  t o  the NMR 

analysis.  The sharp s i n g l e t s  a t  t he  r e l a t i v e l y  low f i e l d  a t  6 = 

4.88, 4.76 and 4.66 ppm o r i g i n a t e  from the CH2ONO2 protons o f  

PETN (I), pentaery th r i  to1 t r i n i  t r a t e  (1) and pentaerythr i  t o1  

d i n i t r a t e  (31, respec t i ve l y .  Taking i n t o  account the d i f f e r e n t  

number o f  these protons i n  1 , 2 and - 3 , the r e l a t i v e  r a t i o  

o f  PET# (1) and i t s  decomposition products - 2 and - 3 can be 

est imated from the  i n t e g r a t i o n .  

- -  
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Chromatosran e h = 287 t 21 CIM 

P c 

FSD = 1.51 

FIGURE 6 
L iquid  chromatogram o f  an acetone-extract from a post-explosion 
case ( retent ion times i n  minutes are shown under the l e t t e r s  
A,B,C,D which mark the peaks). 

m 1112 

317 

, 1 4 1 0 .  

FIGURE 7 
CI-methane mass spectrum o f  pentaerythr i to l  t r i n i t r a t e  (21, 
iso lated by LC ( f r a c t i o n  C i n  Figure 6 )  from a post-explosTon 
case. 
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CI-methane mass spectrum 
isolated by LC (fraction B 
case. 

- m. 

FIGURE 8 
of pentaerythri to1 d 
n Figure 6 )  from a 

nitrate (31, 
post-explosion 

I I I 1 I I I I 
6 4 2 0 

P * Y  

F IGURE 9 
NMR spectrum of an acetone-extract from a post-explosion case. 
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CONCLUSIONS 

The experimental data discussed above show t h a t  lower n i t r a t e  

es te rs  o f  pentaerythr i  to1 appear i n  p s t - e x p l o s i o n  debr is  where 

PETN was involved i n  the explosion. Ue cannot say whether t h e i r  

formation i s  associated d i r e c t l y  w i t h  the explosion process o r  i s  

due to  h y d r o l y t i c  processes occur ing i n  unexploded PETN a t  t he  

extreme condi t ions o f  the explosion. 
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