
R2-A.2: Lifetimes and Decomposition Rates of 
Explosive Gas Ions in Air at Ambient Pressure

Abstract — A kinetic dual shutter ion mobility spectrometer with a gas chromatograph as a sample 
pre-fractionation inlet was built to determine ion lifetimes, energies, and kinetics of decomposition 
of gas phase ions of energetic materials. Measurements of thermal dissociation of chloride adducts 
of explosives, namely nitroglycerine (NG), ethylene glycol dinitrate (EGDN) and dimethyl nitro 
butane (DMNB) ions in negative mode, were selected for study, fi rst owing to known sensitivity to 
thermal dissociation. The dissociations of EGDN·Clˉ and NG·Clˉ were observed in the temperature 
ranges of 79 to 97 oC and 111 to 122 oC at ambient pressure. The only decomposition path was the 
displacement of NO3 from Cl: NG·Clˉ → [NG-NO3+Cl] + Clˉ and EGDN·Clˉ → [EGDN-NO3+Cl] + 
Clˉ. The rate constants determined over the temperature ranges yielded activation energies for the 
dissociations of NG·Clˉ and EGDN.Cl- were 80 ± 3 kJ mol-1 and 59 ± 1 kJ mol-1. The dissociation 
of DMNB·Clˉ was observed in the temperature range of 69 to 84 oC. The decomposition path was 
determined to be the loss of Cl: DMNB·Clˉ → DMNB + Clˉ. The activation energy for the dissocia-
tion of DMNB·Clˉ was 67 ± 2 kJ mol-1. Ab-initio calculations at the 6-311+G(dp) level were used to 
validate the experimentally obtained kinetic data and the reaction paths.
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II. PROJECT OVERVIEW AND SIGNIFICANCE

The aim of these research endeavors is to discover and measure new behaviors of explosives, as gas phase 
ions at ambient pressure.  The work was initially considered only fundamental and, indeed, the indings are 
changing our understanding of how explosives react in air as negative ions; however, results are also suggest-
ing to us new con igurations of technology for detection of explosives.  If the basic studies are implemented in 
current measurement philosophies, a next generation of trace detectors may emerge.  The immediate results 
complete long unknown behaviors of explosives.  Long term results might include advances in explosives 
detectors, particularly with respect to improved selectivity of response and reduced false alarm rates.
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III. RESEARCH ACTIVITY

A. State-of-the-Art and Technical Approach

The performance of modern explosive trace detectors is governed by a combination of gas phase ion-molecule 
chemistry and characterization of ions for mobility in a drift tube at ambient pressure. In our understand-
ing, the de iciencies exist in both technology and principles, limiting the practice of trace detection with the 
current generation of analyzers and limiting long-range vision for how these principles might be favorably 
arranged for new capabilities in explosives detection. The overall objective of this work has been to clarify the 
central and fundamental issue in ion based methods of explosive determinations, namely, the stability and 
lifetime of ions of explosives in air at ambient pressure. 
Mobility spectrometers have been used in the recent past to study the ion lifetimes and obtain kinetics for 
the thermal decomposition of ions [1, 2]. The ions gated from the shutter into the drift region may undergo 
decomposition, which can be seen as an elevated baseline in a mobility spectrum. Analysis of area under 
the elevated baseline yielded ion lifetime at that drift gas temperature and, by obtaining ion lifetime for sev-
eral temperatures, yields reaction rate constants. However, the earlier drift tubes used for the studies were 
equipped with a single ion shutter that allowed neutral penetration into the drift region. This may alter the 
desired ion chemistry within the drift region by additional reactions and may compromise results. One other 
major issue with mobility spectrometers is the peaks’ appearance in the mobility spectrum due to impurities 
of the sample.
Above issues were addressed by a re ined mobility spectrometer design. Peaks, due to impurities, were 
avoided by adding a gas chromatograph pre-fractionation inlet to the mobility spectrometer while neutral 
penetration into the drift region was avoided by using a synchronized dual shutter mobility spectrometer, 
which allowed the desired ion to be passed into the inal drift region to study the thermal stability. This in-
strument was successfully used to obtain the kinetics for the thermal decomposition of gas phase explosive 
ions in negative mode and the experimentally obtained data were validated by ab-initio calculations done at 
the 6-311+G(dp) level. Major results obtained by this instrument are discussed in the next section.

B. Major Contributions 

Figure 1 to Figure 3, on the next page, illustrate experimental data obtained for the thermal decomposition of 
the chloride adduct of 2,3 dimethyl 2,3 dinitrobutane (DMNB) by this method. Decomposition of DMNB•Cl¯ 
occurred from 69.0 to 84.0 oC. Two peaks appeared at 12.60 ms and 22.35 ms and were identi ied as Cl¯ (Ko 
= 2.68 cm2 V-1 s-1) and DMNB•Cl¯ (Ko = 1.51 cm2 V-1 s-1) [3, 4]. Figure 2 on the next page was obtained by in-
tegrating the ion intensity between the two peaks of Fig. 1b [1] and rate constant (96.2 s-1) at that drift; gas 
temperature was obtained by the slope of the linear portion of Figure 2 on the next page.
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An activation energy, Ea for the decomposition reaction can be obtained from rate constants measured over a 
range of temperatures using the Arrhenius relationship, Eqn 1 and Figure 3.  Ab-initio calculations revealed 
the decomposition of DMNB•Cl¯ was due to the loss of chloride; Eqn 2 provides irst order decomposition 
kinetics.

Figure 1: (a) Thermal decomposition of DMNB•Cl- only using shutter 1 at 80 oC and 250 V cm-1 fi eld strength; (b): Thermal 

decomposition of DMNB•Cl-  with dual shutter operation at 80 oC and  250 V cm-1 fi eld strength.

Figure 2: Semi-logarithmic plot of DMNB•Cl- remaining ion intensity at time t
x
 at 80 oC and 250 V cm-1 fi eld strength.

Figure 3: Arrhenius plot for the thermal decomposition of DMNB•Cl- .
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Table 1 shows a summary of thermal decomposition kinetics of chloride adducts of explosives obtained by 
this technique. The kinetic experiments with the explosives, namely nitro glycerine (NG), ethylene glycol di 
nitrate (EGDN), and di nitro toluene (DNT), have been successfully completed.  1, 2, 4-Butabetriol trinitrate 
(BTTN) and Trimethyloethane trinitrate (TMETN) are still under investigation.

Explosive Ions Decomposition Reaction Enthalpy change, kJ/mol 
NG.Clˉ NG.Clˉ -> [NG-NO

3
+Cl] + NO

3
ˉ 82.3 

1,2-NG.Clˉ 1,2-NG.Clˉ -> [1,2-NG-NO
3
+Cl] + NO

3
ˉ 88.4 

1,3-NG.Clˉ 1,3-NG.Clˉ ->  [1,3-NG-NO
3
+Cl] + NO

3
ˉ 99.4 

EGDN.Clˉ EGDN.Clˉ -> [EGDN-NO
3
+Cl] + NO

3
ˉ 60.2 

DMNB.Clˉ DMNB.Clˉ -> DMNB + Clˉ 70.2 

3,4-DNT.Clˉ 3.4-DNT.Clˉ -> 3,4-DNT + Clˉ In progress 

BTTN.Clˉ In progress -- 

TMETN.Clˉ In progress -- 

C. Future Plans

We intend to extend these studies to the measurement of ion lifetimes and thermal stability of gas phase 
explosive ions in positive electric ields by ion mobility spectrometry.  These include signi icant numbers of 
homemade explosives such as TATP.

IV. EDUCATION & WORKFORCE DEVELOPMENT ACTIVITY

The project has employed two students, either as full time graduate students or undergraduate students.

V. RELEVANCE AND TRANSITION

A. Relevance of your research to the DHS enterprise

As noted above in Project Signi icance, the efforts at NMSU are providing previously unavailable knowledge 
about the behavior of explosives.  We cannot tell where this knowledge may ultimately provide value, al-
though we have already conceived of changes in the measurements of explosives, speci ically another level of 
sophistication on the standard method today, ion mobility spectrometry.  This may be a transitional period 
where these indings aid new designs of instruments for improved selectivity.

B. Anticipated end-user technology transfer

Instrument manufacturers.

Table 1: Summary of kinetic data obtained by this instrument and the experiments in progress.
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VI. LEVERAGING OF RESOURCES

We have used this project to maintain a standing in research of explosives and this has aided, perhaps not 
caused, support from Morpho Detection and supported Dr. Avi Cagan’s re-location to NMSU from another 
university.
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2692. http://pubs.acs.org/doi/abs/10.1021/jp412444b

2. Rajapakse, M.Y., Stone, J.A. and Eiceman, G.A. An ion mobility and theoretical study of the thermal 
decomposition of the adduct formed between ethylene glycol di nitrate and chloride, International 
Journal of Mass Spectrometry  2014, 371, 28–35

 Pending-
1. Rajapakse, M.Y., Stone, J.A. and Eiceman, G.A. Thermal decomposition kinetics of gas phase explo-

sives ions by ion mobility spectrometry,  J. Energetic Materials, in preparation.
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