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Overview 
Novel Aspect: 

 High throughput detection and characterization of chemical attribute 
signatures from energetic materials used in the creation of IEDs by 
DART-MS 

Purpose: 

 Rapidly sample and analyze traces of pre- and post-blast energetic 
materials used to charge IEDs by reducing sample preparation and 
analysis time 

 Improve collection efficiency of trace explosive components using 
sorbent-coated screens 

 Rapidly generate chemical attribute signatures (CAS) from smokeless 
powders 

 

Methods 
 DART-Standard Voltage and Pressure (SVP)  ambient ionization 

source interfaced to a ThermoQuest Finnigan LCQ Deca 

 Smokeless powders from various manufacturers 

• Seven unburnt powders  

• Five burnt powders 

 Dynamic Headspace  

• Powders were heated in Al paint cans sealed with modified lids 

• Temperature, time, and flow rate were evaluated 

• Headspace vapors were evacuated with a vacuum and 
concentrated onto Carbopack X screens 

• SKC glass fiber filters were used to filter incoming room air 

 DART He temperature: 200°C 

 Carbopack X screens placed in Open Spot Quick Strip module 

 Stabilizers and plasticizers were detected in positive ion mode 

 Energetic materials were detected in negative ion mode 

 Comparison with conventional GC-MS analysis 

 
 

Figure 1: A Carbopack X screen (A) and SKC fiber glass filter (B) in white cassettes, and an 
aluminum paint can sealed with a modified lid to permit evacuation of headspace vapor and 
entry of filtered air (C). 

Dynamic Headspace DART-MS Method Development  

A B 

Figure 2: A schematic of the air flow (A) and an image (B) of the dynamic headspace setup.  

 ~5 mg Hodgdon Lil Gun smokeless powder 

Heating temperature: 80, 90, 100°C 

Heating time: 1.25 , 2.5, 5, 7.5, 10 minutes 

Vacuum flow rate: 3, 4, 5 L/min  

Carbopack X screens were analyzed directly on 
Open Spot Quick Strip module 

Linear rail speed: 1 mm/s 

DART He temperature: 200°C 
Figure 3: Carbopack X screens analyzed 
directly on the Open Spot Quick Strip 
Module by DART-MS using the linear rail. 

References 
1. ASTM Standard E1413-07, “Separation and Concentration of Ignitable Liquid 

Residues from Fire Debris Samples by Dynamic Headspace Concentration,” ASTM 
International, West Conshohocken, PA, DOI: 10.1520/E1413-07, www.astm.org 

2. Mazzitelli, C. L., M. A. Re, et al. (2012). "A Systematic Method for the Targeted 
Discovery of Chemical Attribution Signatures: Application to Isopropyl 
Bicyclophosphate Production." Analytical chemistry 84(15): 6661-6671. 

3. Nilles, J. M., T. R. Connell, et al. (2010). "Explosives Detection Using Direct 
Analysis in Real Time (DART) Mass Spectrometry." Propellants, Explosives, 
Pyrotechnics 35(5): 446-451. 

4. Perez, J. J., P. M. Flanigan IV, et al. (2012). "Classification of smokeless powders 
using laser electrospray mass spectrometry and offline multivariate statistical 
analysis." Analytical chemistry 85(1): 296-302. 

5. Rowell, F., J. Seviour, et al. (2012). "Detection of nitro-organic and peroxide 
explosives in latent fingermarks by DART-and SALDI-TOF-mass spectrometry." 
Forensic Science International 221(1): 84-91. 

A B C 

Evaluation of Temperature 

 

Figure 4: Representative mass spectra of Hodgdon Lil Gun smokeless powder that were sampled with 
dynamic headspace for 5 minutes at 5 different heating temperatures. Flow rate remained constant at 3 L/min. 

Positive Ion 

 

Negative Ion 

 

Evaluation of Sampling Time 

 

Figure 5: Representative mass spectra of Hodgdon Lil Gun smokeless powder that were sampled with 
dynamic headspace at 5 different sampling times. Temperature and flow rate remained constant at 110°C 
and 3 L/min respectively. 
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Evaluation of Flow Rate 

 

Figure 6: Representative mass spectra of Hodgdon Lil Gun smokeless powder that were sampled with dynamic 
headspace at 3 different flow rates for 5 minutes. Temperature remained constant at 110°C. 

GC-MS Method 

 Sample Preparation: 2 flakes of 
powder dissolved in 1 mL acetone 

•  ~45min to 1 hr or more 

• Dependent on the number of 
samples 

• ~30 min on rocker/shaker 

 Agilent 7890 GC with 5975 single 
quadrupole MS 

• Injection port:  

 Analysis Time: ~30 min per sample 

DART-MS Method 

 Sample Preparation: dynamic 
headspace concentration  

• 5 min per sample 

• 110°C 

• 3 L/min 

 DART SVP coupled with 
ThermoQuest Finnigan LCQ Deca 
ion trap MS 

• He temperature: 200°C 

 Analysis Time: ~1.5 min per sample 

Results 

Comparison of DART-MS and GC-MS 

 

Figure 10: Representative GC-MS total ion chromatogram (A) and total ion mass spectrum (B) of 
Hodgdon Lil Gun smokeless powder. 
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Figure 11: Representative DART mass 
spectra of Hodgdon Lil Gun smokeless 
powder that was sampled and 
concentrated onto a Carbopack X 
screen and analyzed by DART-MS. 
 
A. Positive ion mass spectra showing 

the presence of stabilizers and 
plasticizers. 
 

B. Negative ion mass spectra showing 
the presence of energetic materials. 

A 

B 

Table 2: Comparison of the results from the GC-MS method and DART-MS method for several 
different smokeless powders. All powders analyzed by DART-MS were sampled with dynamic 
headspace. 

Conclusions 
 Chemical attribute signatures from smokeless powders were rapidly 

and successfully generated with dynamic headspace sampling and 
analysis by DART-MS. 

 7 different smokeless powders were characterized and differentiated. 
 Signatures from burnt powders were comparable to unburnt powders. 
 This dynamic headspace DART-MS method offers and permits rapid 

sampling and analysis of smokeless powders. 
 DART-MS provided additional signatures that cannot be detected by 

conventional GC-MS methods. 
 Future directions: employ AnalyzeIQ, an offline statistical software, to 

build models to  characterize and differentiate smokeless powders 
based on the generated chemical attribute signatures. 
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Compound Ionization 
Precursor 

Ion  
Alliant Red Dot 

Alliant Reloder 
19 

Hodgdon 
Leverevolution 

Hodgdon Lil Gun IMR 7828 
Winchester Ball 

296 
Winchester Ball 

760 

      
GC-MS DART-MS GC-MS DART-MS GC-MS DART-MS GC-MS DART-MS GC-MS DART-MS GC-MS DART-MS GC-MS DART-MS 

Akardite II (AK-II) + 227 n.d. 
a 

n/a n/a n/a n/a n/a n/a 

Dibutyl phthalate (DBP) + 279 a n/a n/a n/a n/a a a 

Diisopentyl phthalate (DIPP) + 307 n/a 

a 

n/a n/a n/a n/a n/a n/a n/a n/a 

Diphenylamine (DPA) + 170 a 

a 

n/a n/a 

a 

a 

a 

n/a 
a a 

a 

a 

a 
Ethyl Centralite (EC) + 269 n.d. n/a n/a n/a 

N-Nitrosodiphenylamine 
(NnDPA) + 199, 337 n.d. n/a n.d. n/a n/a n.d. n.d. 

Nitroglycerin (NG) - 226, 289 a n/a a n/a a n/a n/a a a 

2,4-dinitrotoluene (2,4-DNT) - 181 n/a 
a 

n/a n/a n/a n/a 

2,4,6-trinitrotoluene (TNT) - 227 n/a n/a n/a n/a n/a 

Figure 8: Comparison of 7 different unburnt smokeless powders from various manufacturers that were sampled 
with dynamic headspace and analyzed by DART-MS. 5 mg of powder of each powder was used. 

Figure 9: Comparison of 5 different burnt smokeless powders from various manufacturers that were sampled 
with dynamic headspace and analyzed by DART-MS. 50 mg of each powder was burnt. 

Table 1: Comparison of the results of burnt and unburnt smokeless powders obtained by dynamic headspace 
sampling and subsequent analysis by DART-MS. 

Compound Ionization Precursor Ion  Alliant Red Dot Alliant Reloder 19 Hodgdon Leverevolution Hodgdon Lil Gun IMR 7828 Winchester Ball 296 Winchester Ball 760 

      Unburnt Burnt Unburnt  Burnt Unburnt  Burnt Unburnt  Burnt Unburnt  Burnt Unburnt  Burnt Unburnt  Burnt 

Akardite II (AK-II) + 227             
a a 

            

Dibutyl phthalate (DBP) + 279                     a a 

Diisopentyl phthalate (DIPP) + 307     n/a 

a 

                    

Diphenylamine (DPA) + 170 

a a 

n/a 

a 

n/a 

a a 

a a 

a a a a 
Ethyl Centralite (EC) + 269 n/a n/a 

N-Nitrosodiphenylamine (NnDPA) + 199, 337     n/a     

Nitroglycerin (NG) - 226, 289 n/a a n/a     

2,4-dinitrotoluene (2,4-DNT) - 181                 
a a 

        

2,4,6-trinitrotoluene (TNT) - 227                         

Figure 7: 5 mg of IMR 7828 (A), Hodgdon Lil Gun (B), and Alliant Red Dot (C) smokeless powder in aluminum 
weighing dishes. 
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Introduction 
 Domestic terrorism involving the use of improvised explosive devices 

(IEDs) creates public panic resulting in a need to develop rapid 
methods for the identification of the explosive components in order to 
promptly provide investigators with answers 

 IEDs may be constructed using military explosives but are typically 
devised from non-military components such as smokeless powder 
and black powder.  

 Recent studies have shown how chemical attribute signatures can be 
used to differentiate different types of smokeless powders.  

 Dynamic headspace DART-MS was employed to demonstrate a high-
throughput method requiring minimal sample preparation. 

 DART-MS provides a viable alternative to lengthy GC- or LC-based 
methods for explosives analysis.  

 


