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INTRODUCTION RESULTS & DISCUSSION

Homemade explosive devices (HMEs) have increased in prevalence within domestic

casework and pose a particular challenge to forensic investigators: they are often difficult to ;—;aa?;;nallli{fq [')n:%a,r\],'lg ;):;c:;/ieisrs duhea\ig tr?:i?nlovslf\f/lgllgtili tt;' 183 [3(AN2)5; (%';37 [4(AN) + NH,]* 5 1043

classify since they are frequently constructed from common household materials, may fall however, this study successfully obtained spectra o = 80 - PP 1

under multiple explosives categories, and may contain organic and/or inorganic ammonil;m-based oxidizers. 3 70 - 09

components’ 2. Thus, when analyzing HMEs, it is critical for forensic analysts to use a | Key ions detected for AN are m/z 98.0551 (monomer), m/z 5 60 - e

methodology effective for idgntifying . diverse. array of e>.<plosives. 178.0773 (dimer), m/z 258.0980 (trimer), as well as h,igher 3 50 - [2(AN) + NH,J* [5(AN) + NH,]* ; " 139.9

The current primary technlqugs .for explosive analysis are gas chromatography-mass order clusters at m/z 338.1198. m/z 418.1421. and m/z ; 01 g oees 178-0773\ 4181421 [g(AN) + NH, o

spectrometry (GC-MS) and liquid chromatography tandem mass spectrometry (LC- 498.1641 (Figure 2) £ 30 [(AN) + NH4]\+ 195 1601 —— 169.7 744 4

MS/MS). However, these methods require extensive sample preparation, are time- The ammonium nitrate clusters were highly labile and broke S 20 - | 0.2/\< ‘

consuming, and destroy the sample. Confocal Raman microscopy and DART-MS are two apart during isolation without applying any collision energy 10 - | " ) U

instrumental techniques that have shown promise for identifying explosives and are quick, ' 0 +——riod e 20| X0 40 0 w070 0 0 00 MO 100 10 W00 0 1000 4700 100 100 200
non-destructive, and require minimal sample preparation. 0 100 0 i a0

This study examines three classes of explosives (high explosives, inorganic oxidizers, and ° A DART mass spectrum of the authentic smokeless powder Figure 2: DART mass spectrum for ammonium nitrate collected in positive Figure 3: Raman spectrum of ammonium nitrate salt illustrating its two characteristic
smokeless powder stabilizers and deterrents) by combining data gathered from standards sample was collected in positive moc!e and showed ions at Ionization mode with key ions labeled vibrational bands, along with two lattice vibration modes (highlighted in the orange box)
and authentic intact samples using confocal Raman microscopy and DART-MS. m/z 269.1658 and m/z 170.0963, which correspond to DPA . ¢ Raman analysis of inorganic oxidizers, including AN, showed that the spectra were primarily influenced by anions, such as

and EC (Figure 4).

the symmetric N-O stretching vibration at 1043 cm-' and the N-O plane deformation at 714.4 cm-.
MATERIALS & METHODS 0 * These results indicates that salts sharing the same anion are likely to exhibit comparable spectra, posing difficulties for their
00 _ \269 651 discrimination in a forensic context.

Samople Preparation for Standards Table 1: Explosives standards analyzed o [(EC)+H]* « However, there were enough spectral differences between
Hi hp Expl P . Diluted to 50 ith S 59 compounds with the same anions to indicate cation influence. CONCLUSIONS

J piosives. HIHEE o PP Explosive | g 0 + Lattice modes of crystalline salts could help with further
methanol Category fandard % 60 - discriminati q Y N the | p. £ R
Inorganic Oxidizers: <20 mg dissolved in 50:50 High 2,4,6-Trinitrotoluene (TNT) § 50 - Ssggglr(\?ologsgncmﬁ?pear e DWEneIgy Tegion ot maman -, Inorganic oxidizers were more easily identified using
methanol and deionized water, then diluted to - - - - 2 b ' _ _ _ i g

Explosives  Pentaerythritol tetranitrate (PETN) o 40 - « These vibrations generally result from lattice motions and yield Raman than DART-MS, though DART-MS could detect
50 ppm 3 PAYHT: e e detail 4 the t ational 4 torsional ammonium-containing oxidizers.
Smokeless Powder. Diluted to 50 ppm with Ammonium Nitrate (AN) % 30 1 [DPA]* I J*H] Informative €tails  regar I_ng e _ ransia ana _an _ orsiona  Smokeless powder components could be identified
methanol Ammonium Perchlorate (APC) £ o | 169.0871 170.0960 movements of molecules or ions relative to their lattice sites. using Raman. thouah fluorescence was a concern. and
- Potassium Chlorate (PC) * AN Is expected to display several lattice modes at ambient J ’ J . D ..

Sample Preparation for Authentic Samples '(;‘)‘(’i?igg:‘; Potassium Perchlorate (PPC) 101 J temperature (25 °C) DART-MS analysis corresponded with existing
TNT: A flake (<1O m ) was dissolved into 1 mL Potassium Nitrate (PN) 0 — T T . . : literature.

: | 9 Sodium Chlorate (SC) 0 100 200 300 400 500 ° In Figure 3, two of these lattice modes of AN can be observed, A probosed analviical scheme was develobed for the
acetone, then diluted to 100 ppm Sodium Nitrate (SN) m/z with the B3g coupled libration and translation modes at 139.9 cm-" pl P . yt L intact exolos e P 6
ANFO: A single grain was dissolved in 1 mL of Figure 4: DART mass spectrum of an authentic smokeless powder sample collected and the B1g libration at 169.7 cm. analysis of suspected intact explosives (Figure 6).
50:50 methanol and deionized water Smokeless Diphenylamine (DPA) in positive ionization mode
Smokeless Powder. 10 mg was crushed, put in gfa"l‘;ﬂg"ers Eﬂtgg:y?ggt;?::ﬁtgf&)c) » Nitrocellulose is a well-studied component in smokeless powder, so this study focused on stabilizers and deterrents often added to |_Suspected Intact Explosive |
a microcentrifuge tube and extracted with ethyl S, 2 4-Dinitrotoluene (2,4-DNT) smokeless povyders. | |
acetate « When comparing the Raman spectrum of an authentic smokeless powder sample and nitrocellulose, a peak at 1598 cm! was
| S R A unaccounted for in the nitrocellulose spectrum (Figure 5). This peak aligned with a band present in EC and MC associated with C-N | Raman Microscopy |

Figure 1: Authentic stretching. L . . . .

. INT (A), ANFO (B) « These results indicate that Raman spectroscopy is a potential method for detecting smokeless powder stabilizers and deterrents, but

| and smokeless more research is necessary.
BT a2 AR . - powder (C) analyzed 1285 2973 1286
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Raman Sampling and Instrumental Parameters s 1366 g O | . . l
Instrument; Renishaw inVia™ InSpect confocal Raman microscope coupled with Leica DM = oo /1598 s 1375 |_Alternative Technique | [ Sovori Exvech |
2700 M research microscope < os - 1640 o /1660 AL
Specifications: 20x objective, 785 nm laser (50 mW for high explosives, 1 m\W for inorganic - 03 \ l
oxidizers), 532 nm laser (25 mW for smokeless powder), from 100 cm' to 2000 cm-'- All 02 2
wattages were measured at the source for the laser power. g ; | DART-MS |
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Sampling: Placed on steel slide (10 yL dried solution for standards, pinhead quantity for
authentic samples). Smokeless powder samples were Orgamca”y extracted to prevent Figure 5: Comparison of Raman spectra for A) an authentic smokeless powder sample and B) nitrocellulose

combustion
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