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Abstract 

It has been shown that by using 500 MHz ‘H NMR it is possible, without prior separation, to quantify individual nitroaromatic 
compounds present in commercial nitroglycerine based explosives (gelignites). Patterns within the quantitative data provide a 
good degree of sample batch characterisation; typing of the explosive is achieved via total nitroaromatic content. 
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1. Introduction 

Although excellent trace methods are available for 
explosive residue analysis it is now not acceptable to 
examine bulk explosive material in areas dedicated to 
trace analysis. Relatively insensitive methods of anal- 
ysis, provided that they are highly selective, are poten- 
tially useful and appropriate for the examination of bulk 
explosives. 

Nuclear magnetic resonance (NMR) spectrometry 
has long been recognised as a powerful tool for struc- 
tural analysis, however it has been unable to compete 
with the chromatographic methods commonly used by 
forensic science services for the examination of explo- 
sive residues. Hence there is only a limited amount of 
published material on NMR in a forensic context [l- 
91 essentially due to lack of sensitivity. Chromato- 
graphic analysis of explosives generally requires more 
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than one separation system in order to confirm a com- 
ponent of an explosive material. Typically gas chro- 
matography with electron capture (GC-ECD) or 
thermal energy analyser (GC-TEA) detection, or liq- 
uid chromatography with electrochemical detection 
(LC-ED) is used for the initial screening of samples 
prior to confirmation using further systems. Sub-nan- 
ogram levels of explosives have been reported using 
the aforementioned techniques and indeed picogram 
levels have been detected by GC-TEA under favoura- 
ble conditions [ 9-121. 

The use of ‘H NMR for the examination of bulk 
samples of explosives, where sensitivity is not a key 
factor, is shown herein to be a valuable forensic tool as 
illustrated by the examination of commercial gelig- 
nites. The particular products examined were, Frangex, 
Frangex No. 1, Opencast Gelignite and Plaster Gelatine 
as produced by Irish Industrial Explosives. Common 
to each of these explosive types is a mixture of nitroar- 
omatic compounds composed mainly of isomers of din- 
itrotoluene with varying amounts of mononitrotoluenes 
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and dinitroethylbenzenes. The overall amount of the 
nitroaromatic components in each explosive type varies 
from 2-lo%, the particular value of which allows an 
explosive sample to be typed. 

The distribution of compounds within the total 
nitroaromatic content has been found to permit a degree 
of batch characterisation. The overall procedure is sim- 
ple as it requires no chromatographic separation, has 
minimal sample clean-up (filtration of sample solution 
to remove binder) is fast (spectroscopic scan time is 
3.5 s, a 25 mg explosive sample requires 32 scans - 
total analysis time less than 2 min) and gives reliable 
estimates of individual nitroaromatic compound con- 
tent. 

2. Experimental 

2.1. Apparatus 

NMR spectra were obtained over the range O-10 
ppm using a General Electric GN Omega 500 spec- 
trometer and glass sample tubes (5 mm o.d.). 

2.2. Materials and reagents 

Nitro compounds 
The reference compounds were obtained commer- 

cially as indicated, apart from 2,5_dinitrotoluene which 
was prepared by selective synthesis [ 13].2,3-Dinitro- 
toluene (99%)) 2,4-dinitrotoluene (97%)) 2,6-dinitro- 
toluene (98%) and 3,4-dinitrotoluene (99%) were 
obtained from Aldrich. 2-Nitrotoluene and 3-nitroto- 
luene (both GPR Grade) were purchased from BDH; 
toluene (99%) from Fisons; ethyleneglycol dinitrate 
(20% w/w in kieselghur), nitroglycerine (20% w/w 
in kieselghur) and 2,4_dinitroethylbenzene were 
obtained from the Defence Research Agency. 

Reagents 
All other reagents were of analytical grade. 

Samples 
Samples were obtained from Irish Industrial Explo- 

sives over a period of time, when available, the date of 
manufacture is indicated. 

Type 

(i) Opencast Gelignite 
(ii) Frangex 
(iii) Plaster Gelatine 
(iv) Frangex 
(v) Frangex No 1 
(vi) Frangex 
(vii) Frangex 

Date of 
manufacture 
1985 

Feb. 1,199l 
Feb. 1,199l 
Sept. 12, 1991 
Sept. 26, 1991 
Jan. 22,1993 
Jan. 19,1994 

Material recovered from four terrorist related inci- 
dents (A-D) were also examined. 

2.3. Procedures 

Reference compounds 
l-5 mg of each compound was dissolved in 1.0 ml 

of deuterochloroform containing 0.1% w/v tetrame- 
thylsilane (TMS) and the ‘H NMR spectra were 
recorded. 

Samples of explosives 
An accurately weighed sample of about 0.250 g was 

placed in a lo-ml volumetric flask and made up to the 
volume with deuterochloroform containing 0.1% w/v 
TMS and 0.1% w/v toluene (internal standard for 
quantitative work). Each flask was placed in an ultra- 
sonic bath for 5 min to facilitate dissolution. The sam- 
ples were filtered using a Gelman Acrodisc syringe 
filter (0.45 pm) prior to placing 1 ml in NMR sample 
tubes (5 mm o.d.) and the lH NMR spectra were 
recorded. 

3. Results 

3.1. Qualitative and semi-quantitative studies 

Reference compounds 
The ‘H NMR spectra recorded for each of the known 

compounds served as a basic reference library. Ah the 
compounds appeared to be spectroscopically pure 
except for 2,4_dinitrotoluene which contained a trace 
of 2,6_dinitrotoluene. 
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Table 1 Nitroesters 
Methyl resonance of toluene and nitrotoluene reference compounds 

Compound Chemical shift ( ppm) 
- 

Toluene 2.356 
2,3-Dinitrotoluene 2.437 
2,4-Dinitrotoluene 2.741 
2,5Dinitrotoluene 2.695 
2,6-Dinitrotoluene 2.592 
3,CDinitrotoluene 2.548 
2-Nitrotoluene 2.607 
3-Nitrotoluene 2.473 
2,4,6-Trinitrotoluene 2.715 

(i) The four equivalent protons of ethyleneglycol 
dinitrate produce a single resonance at 4.752 ppm. 

(ii) Spin-spin splitting due to coupling between the 
geminal and vicinal protons of nitroglycerine produces 
the highly characteristic resonance pattern between 
4.64.9 ppm. The methine proton resonates at 5.5 ppm. 

Explosive samples 

Nitrotoluenes 

‘H NMR spectra were recorded for each of the seven 
commercial samples of explosives and also for the sam- 
ples recovered from four separate terrorist related inci- 
dents. 

The resonances attributable to the protons of the 
methyl substituents of each dinitrotoluene and mono- 
nitrotoluene isomer along with 2,4,6_trinitrotoluene 
and toluene were completely resolved in admixtures 
(Table 1). Hence it is possible to identify any of these 
compounds from the spectra recorded between 2-3 
ppm. By using toluene as an internal standard, quanti- 
tative results were readily achieved. Aromatic ring pro- 
tons resonate between 7.2-8.9 ppm giving complex 
patterns which are also well resolved, providing addi- 
tional confirmation if needed. 

Commercially obtained samples 

All of the samples examined were found to contain 
nitroglycerine, ethyleneglycol dinitrate and a variable 
series of nitroaromatic compounds as detailed in Table 
2. 

2,4-Dinitroethylbenzene 
The characteristic triplet and quartet resonances 

attributable to the ethyl substituent are located at 1.335- 
1.365 ppm and 3.012-3.057 ppm, respectively 
(J= 7.47 Hz). The quartet for the 2,Cisomer is well 
resolved from the 2,6-isomer, however, the triplets 
overlap. Aromatic ring protons resonate at 7.6-8.8 ppm 
and were well resolved. 

Upon closer inspection of the spectra obtained from 
samples (ii), (iii), (iv) and (vi), which contained only 
the six dinitrotoluene isomers, variations in the relative 
methyl peak heights were noted. The dinitrotoluene 
isomer relative peak height ratios for these samples are 
shown in Table 3. 

The isomer ratios for samples (ii), (iii) ad (vi) are 
seen to be similar, however, that for sample (iv) differs 
significantly. It can be concluded from these results 
(Tables 2 and 3) that the nitroaromatic components 
present in these explosives are of importance in char- 
acterising samples. 

Table 2 
Nitroaromatic compounds associated with commercially obtained samples 

Sample and date of manufacture Dinitrotoluene isomers Dinitroethyl 
benzene 

orrho-Nitrotoluene meta-Nitrotoluene 

2,3- 2,4- 2,5- 2,6- 3,4- 3,5- 

(i) Open Gel, 1985 f///It - t - 

(ii) Frangex, Feb. 1, 1991 ///t/t - - - 

(iii) Plas. Gel., Feb. 1,199l llltlt - - _ 

(iv) Frangex, Sept. 12,199l I I I t I t _ _ 

(v) FrangexNo. 1, Sept. 26,199l t / - / t - I _ - 

(vi) Frangex, Jan. 22,1992 f//t/t - - - 

(vii) Frangex, Jan. 19,1994 I I I I I t _ t t 

Key: / = > 7% of total nitroaromatic compounds present; t = < 3.5% of total nitroaromatic compounds present; -= indistinct from baseline. 
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Table 3 
Relative methyl peak heights for samples containing only DNT iso- 
mers 

Sample Dinitrotoluene isomers 

2,3- 2,4- 2.5- 2,6- 3.4- 3.5- 

(ii) Frangex, Feb. 1,199l 22.4 27.5 8.5 2.5 37.9 1.3 
(iii) Plas. Gel., Feb. 1, 1991 23.3 26.5 8.2 2.4 38.4 1.3 
(iv) Frangex, Sept. 12, 1991 19.9 34.5 7.4 2.9 33.6 1.5 
(vi) Frangex, Jan. 22, 1992 22.7 27.2 8.2 2.5 37.8 1.7 

Table 4 
Nitroaromatic compounds associated with terrorist samples 

Sam- Dinitrotoluene isomers 

pie 
2,3- 2,4- 2,5- 2,6- 3,4- 3,5- 2,4- 0-NT m-NT 

DNE B 

A//t//t/ I - 
B t I t / It / I - 
c ///l/t- - - 
D ////It- - - 

Key to symbols as in Table 2. 

Table 5 
Relative methyl peak heights for samples C and D containing only 
DNT isomers 

Sample Dinitrotoluene isomers 

2,3- 2,4- 2,5- 2,6- 

C 22.8 26.7 8.3 2.5 
D 23.4 27.1 8.3 2.4 

Table 6 
Analysis of a Frangex sample (Feb. 1, 1991) 

3,4- 3,5- 

38.5 1.2 
37.6 1.2 

DNT isomer Chemical shift ( ppm) Peak height 

2,4- 2.737 3.84 
2,5- 2.693 1.17 
3,4- 2.544 5.51 
2,3- 2.434 3.36 
2,6- 2.588 0.33 
3,5- 2.642 0.11 

wr,, = 1.59695 X 1O-3 g, thus DNT=4.0%. 

Terrorist (contraband) samples 
All four samples examined were found to contain 

nitroglycerine, ethyleneglycol dinitrate and, similarly 

to the commercial samples, a variable series of nitroar- 
omatic compounds, identified from the upfield reso- 
nances observed between 1.3-3.2 ppm. The results are 
summarised in Table 4. 

Samples A and B display similarities in their overall 
nitroaromatic make-up which includes the six dinitro- 
toluene isomers, 2,4_dinitroethylbenzene and 2-nitro- 
toluene. Samples C and D were similar to each other 
but distinct from A and B, containing only the six 
dinitrotoluene isomers. Further similarities between 
samples C and D were noted from the relative methyl 
peak heights of the dinitrotolune isomers for both sam- 
ples (see Table 5). 

3.2. Quantitative analysis [14] 

When evaluating contraband gelignite samples it is 
necessary to determine the total dinitrotoluene content 
to attribute a particular explosive type to a sample. 
Using toluene as the internal standard, the dinitrotolu- 
ene isomers associated with nitroglycerine based 
explosives may be determined from the peak heights 
of the methyl resonances and the amount of toluene 
present as follows: 

wt,, = 
WtTOLIDNTMDNT 

hOl_MTOl. 

where wtDm = weight (g) of dinitrotoluene isomers, 

wt-ro, = weight (g) of toluene, ZDNT = sum of the peak 
heights of the methyl resonances of DNT isomers, 
ITor,= peak height of methyl resonance of toluene, 
M Dm = formula weight of dinitrotoluene, 
M TOL = formula weight of toluene. 

Results for a typical analysis (Table 6) are illustrated 
using 0.2243 g of Frangex (Feb. 1, 1991) in deuter- 
ochloroform (10 ml) containing 0.0111 g of toluene. 
The spectrum for a 1.0 ml aliquot was recorded. 

Quantitative determination was also obtained by 
GC-FID which reported the total DNT content as 4.1%. 

4. Conclusions 

Unequivocal identification of the nitroesters nitro- 
glycerine and ethyleneglycol dinitrate, together with 
the individual nitroaromatic compounds associated 
with nitroglycerine based explosives is shown to be 
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readily achievable using a direct ‘H NMR procedure. 
From the limited number of commercial samples 

examined it is possible to identify the use of four dif- 
ferent batches of material based on variation of nitroar- 
omatic isomer content of the commercial so called 
“dinitrotoluene” used in manufacture. It is thus sug- 
gested that a degree of characterisation of contraband 
nitroglycerine based explosives may be possible. Sam- 
ples (C) and (D) recovered from terrorist incidents 
show a striking resemblance to the directly obtained 
commercial samples produced on Feb. 1,199l and Jan. 
22, 1992 (see Tables 3 and 5). 

Although the degree of characterisation is specula- 
tive, being based on a limited database, further inves- 
tigation of this class of explosive, focussing on the 
nitroaromatic compounds, may provide a means for 
attributing a particular batch type and possibly deter- 
mining approximate dates of manufacture of contra- 
band explosives. An important aspect will be to 
determine the batch to batch variation of the commer- 
cial “dinitrotoluene” . Atypical batches and their prod- 
ucts e.g. (v) (Frangex, Sept. 26, 1991) are readily 
identified. 
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