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Vapor Detection: the
concentration of explosives
in the vapor phase is related
to its vapor pressure and
other factors such as,
packaging, air circulation in
the location, etc. all are
critical for continuous
monitoring of threats.

Particle Detection: techniques 
such as Ion Mobility Spectrometry
(IMS)  and colorimetric based 
detectors are typically used but 
require samples obtained by 
swabbing and  thus cannot be 
used for continuous monitoring of 
threats.

Explosives Detection*

*U.S. Department of Justice, November 2004

Detection of Residue Vapors



Vapor pressure 
determines residue 
concentration in vapor 
phase; TATP, DNT and 
ammonium nitrate can 
be detected in vapor 
phase ………..…conc. in 
the ppm to ppb range; 
PETN and RDX are not 
readily detected in vapor 
phase……….conc. in the 
ppt range

*U.S. Department of Justice, November 2004

Residue Vapors…….Concentration  in Air?



Components Comprising Orthogonal Sensors
(thermodynamic and conductometric) 

(porous)



Dynamic Protocol for Trace Detection 
(thermodynamic platform)

Two microheaters
with identical 
electrical 
properties are 
thermally isolated 
in separate 
chambers.



Dynamic Protocol for Trace Detection 
(thermodynamic platform)

Both heaters are 
coated with an 
alumina dielectric.



Dynamic Protocol for Trace Detection 
(thermodynamic platform)

Only one is coated 
with a metal oxide 
catalyst.



Both are interfaced to our data 
acquisition system.

Dynamic Protocol for Trace Detection 
(thermodynamic platform)



Dynamic Protocol for Trace Detection 
(thermodynamic platform)

Mass flow controllers deliver equal 
quantities of target molecules to both 
sensors.



Dynamic Protocol for Trace Detection 
(thermodynamic platform)

Only the catalyst coated microheater will respond 
to the analyte, and the bare sensor will record 
heat changes due to flow differences and  
environmental stimuli.



Dynamic Protocol for Trace Detection*
(thermodynamic platform) 

Dynamic (2 sensor) 
approach employs 
sensors with and 
without catalysts to 
eliminate sensible 
heat effects…………

* air
pump

*microheaters can be cycled to 1000C and thus, 
can decompose almost any organic molecule



Dynamic Protocol for Trace Detection*
(thermodynamic platform) 

the only heat effect 
remaining is due to 
catalyst‐analyte
interaction;

*For sampling 
purposes, a small 
air pump is used to 
draw the incoming 
air over the sensor 

* air
pump

*microheaters can be cycled to 1000C and thus, 
can decompose almost any organic molecule



Data Collection/Compilation (7 sec)



Catalyst Selectivity for Residue Vapors
(thermodynamic platform)

Response of 
orthogonal 
sensor to TATP 
using different 
metal oxide 
catalysts……..
different peak 
temperatures 
for each oxide 
catalyst are 
observed………
translates into 
cat selectivity 



Pre‐concentration 
employs an 
additional 
microheater
upstream from 
active sensor that is 
coated with a 
polymer……….. 
polystyrene 
possesses the 
desired adsorption/ 
desorption charact‐
eristics for con‐
centrating analyte in 
the vapor phase

Pre-concentration of  Residue Vapors

Pre-concentrator; polymer 
coated microheater



Pre-concentration methodology

Gas Sensor

Target Molecule

Signal



Pre-concentration methodology

Gas Sensor

Target Molecule

Signal

Pre‐concentrator



Pre-concentration methodology

Heating



Pre-concentration methodology



Pre-concentration of Residue Vapors

Sample Total Amount 
Adsorbed

Total Amount 
Desorbed

% Desorbed

Poly(ethylene terepthalate) 2.40 0.11 5%

Tenax 7.88 0.50 6%

Poly(2,6‐dimethyl‐1,4‐phenyline oxide) 6.60 0.46 7%

Poly(4‐vinyl phenol) 10 0.80 8%

Polystyrene 6.22 3.61 58%

Teflon 2.32 2.48 107%

Sample Total Amount 
Adsorbed

Total Amount 
Desorbed

% Desorbed

Tenax 12 0.13 1%

Poly(2,6‐dimethyl‐1,4‐phenyline oxide) 4.7 0.16 3%

Polystyrene 6.3 0.70 11%

Nomex 2.4 2.0 83%

Desorption Efficiency of TNT at 120C°

Desorption Efficiency of TNT at 170C°

*Data courtesy of Dr. Jimmy Oxley et al, Dept of Chemistry, University of Rhode Island



Duty cycle used for pre‐
concentration: (1) 
introduction of DNT target 
gas. (2) thermal desorption 
of pre‐concentrator ( 3) 
reference gas is re‐
introduced to the system 

The pre‐concentrator yields 
a 47% increase in sensor 
response with only minimal 
surface area for contact.  
With further surface 
modifications to increase 
surface area, a more 
concentrated burst of 
analyte is anticipated

Pre-concentration of Residue Vapors



Effect of Catalyst Surface Area on Response 

Porous catalyst 
and/or catalyst 
support yields a 
much larger 
signal than a 
sensor without 
porous catalyst 
and/or catalyst 
support  



High surface area 
catalyst and catalyst 
support achieved 
with ZnO nanowires

Oxide Nanowires as Catalyst Support  for 
Detection of Residue Vapor



High surface area 
catalyst and catalyst 
support achieved 
with ZnO nanowires

ZnO nanowires 
grown using a 
hydrothermal 
process  

Oxide Nanowires as Catalyst Support  for 
Detection of Residue Vapor



High surface area 
catalyst and catalyst 
support achieved 
with ZnO nanowires

ZnO nanowires 
grown using a 
hydrothermal 
process  

Sputtered oxide 
catalyst were 
deposited over ZnO
nanowires

Oxide Nanowires as Catalyst Support  for 
Detection of Residue Vapor



Nearly a 300% 
increase in 
sensor 
response to 
DNT using ZnO
nanowires 

Single PPB 
range can now 
be detected for 
DNT

Effect of Catalyst Surface Area on Sensor 
Response



Comparison of 
sensor 
response to 
TATP using ZnO
catalyst 

At the highest 
level, 
nanowires 
increased the 
response by 
nearly 100%

Effect of Catalyst Surface Area on Sensor 
Response



Thermodynamic and conductometric sensor 
response to 2, 6-DNT at 410 °C (SnO catalyst) 



Thermodynamic and conductometric sensor 
response to 2, 6-DNT at 410 °C (SnO catalyst) 



MEMS quadrant sensor (diaphragm 
0.5mmx0.5 mm) was fabricated that 
has all of the attributes of our 
orthogonal solid state sensor. We 
envision multiple catalysts on a single 
MEMS device for the continuous 
monitoring and identification of a wide 
range of unknown threats. 

ZnO nanowires were prepared on the 
microheater surface to enhance the 
catalytic activity for the MEMS based 
vapor detection system. 

A small footprint, handheld sensor for 
residue vapor…..……based on a MEMS platform 



Dynamic (two sensor) approach was used to measure the heat 
effect  due to analyte‐catalyst interactions…………can detect TATP, AN 

and 2‐6 DNT at the “single” ppb level

Using orthogonal sensor modalities, the metal oxide catalyst is 
simultaneously interrogated using two different sensing protocols; 
thermodynamic and conductometric protocols are combined to 
mitigate false positives and false negatives

Pre‐concentration techniques produce a highly concentrated burst 
of analyte that is efficiently delivered to the sensor in an optimized 
duty cycle that lowers the detection limit by an order of magnitude 

Metal oxide nanowire catalysts and/or catalyst support lowered 
the detection limit for residue vapors to the “single” ppb level

Summary
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