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Fig. 1(a) Typical capillary GC/TEA chromatogram
of standard organic explosives
(condition 1)
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Fig. 1(b) Typical capillary GC/TEA chromatogram
of standard organic explosives
(condition 2)

Table 1 Retention time by standard materials

Explosive conditon1 | condidon 2
nitromethane (NM) ‘ 0.14
ethylene glycol mononitrate (EGMN) 0.87
ethylene glycol dinitrate (EGDN) 1.53 1.26
nitrobenzene (NB) 1.55
o-nitrotoluene (o-MNT) 2.30 1.93
2,3-dimethyl-2,3-dinitrobutane (DMNB) 2.47 2.18
m-nitrotoluene (m-MNT) ’ 2.54
p-nitrotoluene (p-MNT) ' 2.65 2.26
nitroglycerine (NG) 3.7 3.44
2,6-dinitrotoluene(2,6-DNT) 4.28 3.98
2,4 -dinitrotoluene (2,4-DNT) 4.72 4.42
trinitrotoluene (TNT) 5.75 5.39
pentaerythritol tetranitrate (PETN) 6.24 5.94
hexogen (RDX) 6.64 6.29
tetryl 7.69 7.38
octogen (HMX) 9.76
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Table 2(a) Least squares fit constants of TEA response factors
for different explosives (condition 1)
Coefficient Relative
Explosive a* b* of correlation molar
r* response**
EGMN 0. 0057 0. 0062 0.9715 0.0310
EGDN —0.0901 | 0.1118 0.9989 0.5620
NG -0.0152 0.1745 0. 9999 0.8770
PETN —0.0357 0.2107 0.9988 1.0600
DMNB —0.1133 0.1070 0.9983 0.5380
o-MNT 0.0155 0. 0298 0.9988 0.1500
m-MNT —0.0102 0.0298 0. 9968 0.1500
p-MNT 0. 0055 0.0614 0.9944 0. 3090
2,4-DNT 0.0070 0. 1090 0.9994 0.5480
2,6-DNT 0.0196 0.1098 0. 9999 0.5520
TNT —0.0730 0. 1989 0.9994 1
tetryl 0.0647 0. 1565 0.9991 0.7870
RDX 0.0602 0.2398 0.9996 1. 2060

*response=a-b * moles injected
**relative molar response=h/(TNT molar response)

Table 2(b) Least squares fit constants of TEA response factors

for different explosives (condition 2)
Coefficient Relative
Explosive a* b* of correlation molar
r* response**
PETN —1.42 0.45 0.9996 0.59
NM —12.25 53.86 0.9998 70. 45
NB -2.65 10.61 0.9885 13.88
TNT —6.76 0.76 0.9967 1
tetryl —-2.41 0.82 0.9995 1.07
RDX -1.71 0.52 0.9994 0.68
HMX -1.10 0.16 0.9843 0.21

*response=a-+b * moles injected
**relative molar response=b/(TNT molar response)
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Fig. 2(a) Typical calibration curves for nitrate
esters. arbitrary area units. (condition 1)
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Fig. 2(b) Typical calibration curves for selected
nitro compounds. arbitrary area units.
(condition 1)
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Fig. 2(c) Typical calibration curves for nitramines.
arbitrary area units. (condition 2)
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Table 3 Precision of GC/TEA

on explosives

Relative

Explosive standard
deviation (%)
EGMN 20.0
EGDN 38.2
o-MNT 5.1
m-MNT 6.6
p-MNT 14.3
NG 11.0
2,6-DNT 9.9
2,4-DNT 10.6
TNT 13.2
PETN 10.0
RDX 14.2
Tetryl 11.4
(condition 1)

n=>5 on each day 4 ng injected
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Simultaneous determination of trace amounts of organic
explosives and related compounds by GC/TEA

by Jun NAKAMURA*, Hiroyuki ARAI* and Reiko ICHIKI*

A trace level quantitative analysis of explosives and detection agents by the Gas
Chromatography / Thermal Energy Analyzer (GC/TEA) was investigated. Determination
of the relative detector sensitivities to nitrates, nitro compounds and nitramins in the
nanogram range explosives has been conducted. The short column length and on-column
injection were chosen in order to obtain HMX peak. The method gave linear response in
the range 0.2 — 50 ng for the analysis of pure standards of organic explosives studied and
precision of 3.5 % or better relative standard deviation. GC / TEA has been shown to be
more effective for determination of explosives which were involved in the explosion
residues or detection agents.

(*Explosion Investigation Section, National Research Institute of Police Science,

6 Sanbancho, Chiyoda-ku, Tokyo 102, Japan)
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