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Motivation 

Current Detection Methods 

Current TNT Sensing Polymer Systems 

Higher Surface Area 

Quenching with TNT Vapor 

Thin Film Processing 

TNT PETN RDX 

Low-volatility explosives pose a 

threat for military security and 

public safety 

 

Hard to detect due to their low 

vapor pressure 

Richard Reid  boarded an 

American Airways flight 

in 2001 with undetected 

PETN in his shoe 

 

 

Landmines kill 20,000 

people annually  

 UN News Centre. April 3, 2007. 

Signal Amplification 

Polymers of Intrinsic Microporosity  

Bomb-sniffing dogs 

Effective, cute 

require rest and training 

Itemizer Detector 

Portable, used in airports 

requires pre-concentrator 

FLIR FIDO System 

Air-borne TNT to ppq 

does not detect RDX vapor 
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• Solution processable 

• Electron rich; allows for quenching interaction with nitroaormatics 

• Conjugated polymer backbone allows for signal amplification 

• Polymer films have low surface area 

• Cannot detect RDX and PETN from the vapor phase 

Covalent Organic Frameworks 
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Three different processing methods produce different responses to TNT 

Polymer processing affects surface area 

 

Higher surface area materials quench 

faster and are more sensitive to TNT 

vapor  

• High Surface Area 

• Electron rich; allows for favorable 

interaction with nitroaormatics 

• Conjugated polymer backbone allows for 

signal amplification 

Excition motion 
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Pentiptycene groups create voids in the currently used thin films, but due to low 

vapor pressure, analytes are not able to interact with the whole film  
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Parts-per-trillion detection 

limit for TNT 

Parts-per-quadrillion detection 

limit for TNT 

New Polymers for RDX and PETN Sensing 

Extended Conjugation 
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• Even Higher Surface 

Area 

• Vertical exciton 

delocalization 

enables signal 

amplification 

• Crystalline network 
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• Create high surface area fluorescent polymers 

• Use computer simulations to design polymers that 

will quench when exposed to RDX and PETN 

• Utilize processing methods to improve sensitivity 

 

 

Achievements 

• Polymer films respond to TNT vapor at 

concentrations of 5 parts per billion 

• Increase surface area of powders to 630 m
2
g

-1
 by 

changing processing method 

• Visible quenching response 

• Scalable polymerization method 

• Can be incorporated in portable detectors 
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