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Threat Detection



Taking Action

• CWAs

• Blister

• Blood

• Nerve

• BWAs

• TICs

• General Purpose 
Protective Wear

• Specific Antidotes

• Targeted Area 
Cleanup Protocol

• Evacuation

Threats Responses



High Pressure Ion Trap Theory
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e = elementary charge 
V = RF Amplitude (0-p)
m = ion mass (Daltons)
ro = trap radius
2zo = endcap separation
Ω = 2πf, f = RF frequency
P = Pressure
qmax < 0.908

Goeringer, D. E. et al. Anal Chem. 1992, 64, 1434-1439

≈ 1 Torr



Enhancing Selectivity

• Gas Chromatography
• Enables complex mixture analysis

• Adds chemical information

• Tandem MS
• Reduces chemical noise

• Gives structural information



Breadboard Systems

Ion Source Mass Analyzer Detector

Glow Discharge Microscale SLIT Faraday Cup

~1 Torr



Stretched Length Ion Trap (SLIT)
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Y-Dimension 
Stretch

Courtesy Kevin Schultze



Separation of Complex Mixture

Scan Number

0 400200



CWAS via GC-HPMS

1. Dimethyl 
methylphosphonate

2. Chloroethyl ethyl 
sulfide

3. Diethyl 
methylphosphonate

4. Diethyl malonate
5. Triethyl phosphate
6. Methyl salicylate 
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CWASs Separation in Helium

HPMS

FID

1. Dimethyl 
methylphosphonate

2. Chloroethyl ethyl 
sulfide

3. Diethyl 
methylphosphonate

4. Diethyl malonate
5. Triethyl phosphate
6. Methyl salicylate 
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Benchtop Systems



CIT Stability Diagram

CIT, m/z 121
1 Torr Air, 6.72 MHz



SLIT Stability Diagram

SLIT, m/z 121
1 Torr Air, 6.72 MHz



Apex Isolation

Full Scan
Apex Isolated



SWIFT-like Isolation

Isolation: 2.4, 4.8 MHz, 7.8 V, 0.6ms



Bromobenzene

Full Scan

Isolated

Fragmented



1,3-Dichlorobenzene

Isolated

Full Scan

Fragmented

Fragmented

Fragmented



MS4 with Acetaminophen

MS MS2

MS4MS3

1 1

2

2

3

3

4

Isolate and 
fragment peak 1

Isolate and 
fragment peak 3

3

Excitation: 0.3 MHz, 8.3 Vp-p

1 Torr, ambient air, 10 µg/mL acetaminophen Thanks to Mac Gilliland



1,3 – Dichlorobenzene :
182 m/z Survival Yield Curves

with Pressure

Pressure 
(mTorr)



1,3 - Dichlorobenzene: 
147 m/z Appearance Curves

with Pressure

Pressure 
(mTorr)



Tandem MS in False Color

11.23 MHz, 500 µm CIT
1.2 Torr Air
N,N-dimethylaniline



16.42 MHz

16 MHz Tandem MS



19.11 MHz

19 MHz Tandem MS



22.96 MHz

23 MHz Tandem MS



Future Directions

• Microscale Gas Chromatograph

• Integrate with HPMS

• Investigate LODs

• Tandem Mass Spectrometry

• Improve Efficiency of Isolation/Fragmentation

• Chief Targets:

• Peptides, Proteins

• CWA Simulants
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Questions?

Discussions!



Analysis Paradigms



False Positives in Existing Technologies

• IMS – Acetone, DMMP

• Detection paper – Organic solvents

• Flame photometric detector – DMMP

• Surface acoustic wavelength detector – Solvents



GC-HPMS of CWAS

Electron Multiplier, Middle Frequency (6.00 MHz)
2 sccm Nitrogen,
1 µL CWAS1 Mixture (same as last slide)



GC-MS, Electron Multiplier Detection

DMMP

Mesitylene
Dichlorobenzene

N-Methyl Aniline

Courtesy Kevin Schultze



Commercial Detector Comparison

Courtesy Kevin Schultze



Separating Isobaric Compounds

Chromatogram

Courtesy Kevin Schultze



Coeluting Peaks

Courtesy Kevin Schultze



Instrumentation Challenges

• Ionization
• Pressure tolerance

• Buffer gas compatibility

• Power requirements

• CIT Operation
• Traditional pressures ≈ 1 mTorr

• Resolution loss with pressure

• Fabrication

• Detection
• Pressure tolerance

• Sensitivity

• Bandwidth

Filament

Hyperbolic Ion Trap

Electron Multiplier

10 cm



Differential Pressure Chamber

Ion Source Mass Analyzer Detector

Glow Discharge Microscale CIT Electron Multiplier

≈1 Torr ≈10 mTorr



Trap Size and Frequency

59.44 MHz, ro=100 µm

28.46 MHz, ro=165 µm

20.10 MHz, ro=225 µm

12.43 MHz, ro=350 µm

6.14 MHz,  ro=500 µm

p-Xylene, 1.0 Torr Ambient Air

Courtesy Kenion Blakeman



Buffer Gas

He N2 O2 Ar

Polarizability 0.205 1.740 1.581 1.641

Mass 4.002 28.01 32.00 39.95



MS of Complex Mixture

• Dynamic range

• Competitive ionization

• Overlapping peaks

• Chimeric interpretations



1,3-Dichlorobenzene: 
112 Appearance Curve


