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II. PROJECT DESCRIPTION

A. Overview and Signi icance 

The use of improvised explosive devices (IEDs) has dramatically increased over the past decade, and thus, 
there is a “real” need to reliably detect explosives and/or explosive precursors in venues, where public safety 
may be compromised. Currently, a small-footprint, handheld explosives trace detection (ETD) system, capa-
ble of continuously monitoring a wide variety of threats, is not available. Therefore, providing such a capa-
bility to the Department of Homeland Security (DHS) and its stakeholders is a primary goal of this research. 
In addition to lowering the detection limit while maintaining adequate selectivity to potential threat mol-
ecules, other challenges face this ALERT research project. Among these is that the ETD system should be 
adaptable and should not signal false positives and false negatives.  That is, as the nature of the “threat” 
changes and new explosives become threats, the sensor system must detect these new threats.  Our sensor 
does so simply by identifying a catalyst for a particular analyte and adding this characteristic response to the 
existing library of responses. Combinatorial chemistry techniques were used for the rapid screening of new 
catalysts, and a number of new catalyst-analyte pairings were developed as part of the ALERT project. Our 
approach not only advances the current state of threat detection for explosives but builds upon a core tech-
nology comprised of two robust sensing platforms: a thermodynamic sensing platform and a conductometric 
sensing platform.

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

Our thermodynamic platform is somewhat unique in that it can detect both nitrogen and peroxide based 
explosives [1], [2] and [3]. For example, TATP, 2,6-DNT and ammonium nitrate can be detected at the “single” 
ppb level in a single pass. This is accomplished by measuring the heat effect associated with the interaction of 
a speci ic target molecule with a metal oxide catalyst. Speci ically, a catalyst coated microheater is thermally 
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scanned over a selected temperature range using a digital control system and the electrical power difference 
due to catalytic activity is measured, similar to that in a microcalorimeter [1].  However, the catalyst plays 
a key role in that it ampli ies the signal and sharpens the response, improving both sensor sensitivity and 
selectivity [1], [2], [3]. No other sensor platform that we are aware of incorporates a catalyst into the sensor 
platform to achieve these levels of sensitivity and selectivity necessary for the detection of threat molecules 
at trace levels. Chen and Bannister [4] were able to differentiate energetic (explosive) materials from non-en-
ergetic materials using microthermal analysis. They used a microcalorimetry approach for detection, where 
changes in a material as it is heated generate a thermal “ ingerprint” due to decomposition. They obtained 
different characteristics for explosives vs. non-explosives. Our approach relies on the catalytic decomposition 
of the analyte molecule, which is a ine-tuned version of Chen and Bannister’s method [4] and thus, has a 
much more speci ic response.  When this approach is combined with high surface area catalysts (metal oxide 
nanowires), the sensitivity to explosive materials is in the ppb range and thus, on the same order of magni-
tude as that of an electronic nose [5].
A complementary conductometric sensor platform was added to our thermodynamic sensor platform to si-
multaneously monitor electrical conductivity changes in the same metal oxide catalyst when it is exposed to 
the same target molecule [3]. The premise here is that analyte-speci ic thermodynamic and electrical conduc-
tivity changes induced during catalytic decomposition of the target molecule allow for ultra-high-resolution 
detection of explosives vapors using orthogonal modalities that minimize false positive signals. Thus, the 
sensor provides a “signature”, which allows the user to determine which explosive is present and uniquely 
differentiates each explosive.
Our thermodynamic sensor consists of two microheaters that are dynamically controlled: one microheater is 
coated with a metal-oxide catalyst and a second microheater is left uncoated (see Fig. 1). As the heaters are 
thermally scanned, the catalyst-coated microheater detects any sensible heat effects plus the heat effect as-
sociated with catalyst-analyte interactions; whereas the uncoated microheater detects only the sensible heat 
effects.  By subtracting the two signals, any extraneous heat effects are cancelled out, producing a response 
that is due only to catalytic activity.

B.1.  Surface area effects

Given that the metal oxide catalyst plays a critical role in the performance of our thermodynamic sensor, the 
effect of catalyst surface area on sensor response is dramatic. Figure 2, on the next page, shows the response 
of a SnO catalyst to various concentrations of TATP, using a porous vs. a non-porous catalyst support. A SnO 

Figure 1: Schematic of dynamically controlled thermodynamic sensor platform with pre-concentration. Upon thermal 

desorption, the explosive vapor is delivered from the pre-concentrator to the active sensor elements. 
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catalyst was sputtered onto an alumina support in both cases, but the sensor response and detection limit ob-
tained using the higher surface area alumina support was dramatically improved. A dynamically controlled, 
dual sensor protocol was used in both cases, and suggests that catalyst surface area is the single most import-
ant variable for sensitivity and selectivity.  With this in mind and an expectation to transition the thermody-
namic sensor to a MEMS based platform in the near future, surface area of the active sensor elements could 
be dramatically increased using nanotechnology [10], [11], [15]. To meet this challenge, zinc nanowires were 
hydrothermally grown in an autoclave and subsequently deposited onto the active sensor elements to serve 
as catalyst and/or catalyst support. With the addition of zinc oxide nanowires, sensor responses to trace 
explosives were increased by nearly 300% and the detection limits were reduced into the “single” ppb range 
(see Fig. 3). Here, the zinc oxide nanowires added an additional catalytic activity not previously seen with 
the sputtered catalyst ilms. With further improvement, oxide nanowire catalysts have the potential to lower 
detection limits into the ppt range.

Figure 2: Eff ect of SnO catalyst surface area on the response to various concentrations of TATP.  A detection limit of 

134ppb was achieved with the greater surface area catalyst; sensor response using porous catalyst support is in blue 

and sensor response with a non- porous support is in red.

Figure 3: Response of two identical sensors to 2,6-DNT; response of sensor employing a tin oxide catalyst sputter-de-

posited onto ZnO nanowires (red) and response of sensor employing a sputter-deposited tin oxide catalyst (blue).
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B.2.  Pre-concentration

A pre-concentrator was added to the sensor platform as a means of increasing the sensitivity of the orthog-
onal sensor used for the detection of trace explosives [6]. The pre-concentrator used for explosives vapors, 
employs a polymer sorbent that relies on an optimized adsorption/desorption duty cycle to deliver a highly 
concentrated pulse of explosive vapor to the active sensor element. An order of magnitude improvement in 
detection limit was demonstrated using 2, 6-DNT as the analyte vapor [6]. 
Prior work on pre-concentration outlined by Camara et al [7] used microchannels fabricated out of single 
crystal silicon in conjunction with single wall carbon nanotubes as the adsorbent. Even though they were 
using volatile organic compounds (VOCs) as the analytes, they failed to recognize the importance of desorp-
tion processes on duty cycle time; i.e. just because a material has excellent adsorption properties, it may not 
be ideally suited for pre-concentration if the analyte is not effectively desorbed. Moshen et al [8] also used a 
micro luidic platform for pre-concentration and found that zeolites and mesoporous carbon were the most 
effective sorbents for explosive simulants. Unlike Moshen et al [8] and Ras et al [9], we have characterized a 
number of polymer sorbents based on their adsorption/ desorption characteristics, using actual explosives 
and not explosive simulants. 
The pre-concentrator is comprised of a spin-coated polymer that is located upstream from the active sensor 
elements, as shown in Figure 1. The incoming vapor stream is passed over the pre-concentrator for 180 sec-
onds, allowing time for collection of the explosive molecules. The pre-concentrator is then heated to desorb 
the explosives molecules, delivering a high concentration burst of analyte to the active sensors downstream. 
A similar pre-concentration system is typically employed in e-noses or electronic noses [5].
Figure 4 illustrates the difference in signals obtained after thermal desorption of explosive molecules (2, 
6-DNT) from the polymer sorbent. The response (signal) when the pre-concentrator was placed upstream 
from the active sensor element was nearly double that of the sensor without a pre-concentrator for col-
lection. This result suggests that an increase in signal (power difference for an endothermic reaction) had 
occurred between the analyte and the catalyst, consistent with other tests using the same analyte. Further 
experiments were conducted to determine the gas low that optimizes the overall signal response, collection 
time and polymer ilm thickness and the role they play in the adsorption/desorption kinetics [6]. 

C. Major Contributions

The most recent contribution to the overall goals of the ALERT project was to improve the surface area of 
the catalyst and/or catalyst support, which was realized through nanotechnology. Speci ically, zinc oxide and 

Figure 4: Pre-concentration duty cycle showing (1) start of 2-6 DNT vapor delivery to the active sensor element, (2) 

thermal desorption step and (3) the end of pre-concentration cycle when the upstream microheater is turned off . 
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copper oxide nanowires were grown in a controllable and reproducible manner such that they could be in-
corporated directly into the sensor platform. Zinc oxide nanowires were deposited onto the microheater sur-
face using a multi-step process. High-purity zinc foil was initially cleaned using acetone, methanol, and water 
and then submerged in a Te lon crucible containing a 3.5M solution of ethylene-diamine, and autoclaved for 
10 hours at 146°C [10], [11]. Figure 5 shows SEM micrographs of the growth sequence of zinc oxide nano-
wires formed on zinc foil as a function of time at temperature.  In parallel efforts, zinc was deposited onto 
the microheater surface and the same hydrothermal process [10] was repeated.  After forming nanowires 
on the surface of the active sensor elements, a thin layer of SnO was sputter-deposited onto the zinc oxide 
nanowires, thereby taking advantage of the additional surface area provided by the ZnO nanowires.  Figure 
6 shows SEM micrographs of a sputtered zinc oxide ilm and zinc oxide nanowires grown by hydrothermal 
means [10]. Here, the sputtered zinc oxide ilm is almost featureless compared to the hydrothermally grown 
zinc oxide and the difference in surface area between the two different zinc oxide preparations can be readily 
seen from the SEM micrographs. Note that even though the orientation of the zinc oxide nanowires is some-
what random, the bene it in terms of surface area enhancement is still realized for the hydrothermally grown 
zinc oxide. 

 Figure 5: SEM micrographs showing the growth sequence of zinc oxide nanowires formed on zinc foil as a function of 

time at temperature.  The nanowires were grown hydrothermally at 146°C in an autoclave. 

Figure 6: SEM micrographs of a sputtered zinc oxide catalyst fi lm (left) and a zinc oxide nanowire catalyst taken at the 

same magnifi cation (right).
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More recently, copper oxide nanowires were formed directly onto the active sensor elements [10]. Sputtered 
copper oxide catalysts have been successfully used for the detection of TATP and ammonium nitrate using 
our thermodynamic sensor and thus, CuO was a logical choice for integrating nanowires into our existing 
sensor platform. In addition to having the desired chemistry, CuO nanowires possess attributes similar to 
those of ZnO, but can be readily fabricated onto the microheater surface in a single step. To accomplish this, 
a copper ilm was sputtered onto the serpentine of the microheater and oxidized in ambient air at 410°C for 
6 hours.  Figure 7 shows SEM micrographs of CuO nanowires grown on the surface of a nickel microheater.  
It should be noted that the nickel microheaters were pre-coated with an aluminum oxide layer for electrical 
insulation, prior to the deposition of the copper.  

Based on the SEM micrographs of the ZnO and CuO nanowires shown in Figures 6 and 7, and their character-
istically large aspect ratios, it was not surprising that their effect on sensor response was signi icant. Figure 
8 shows the response of our thermodynamic sensor to various concentrations of TATP, using a SnO catalyst 
and no catalyst.  The sensor without a catalyst behaves very similar to that of a microcalorimeter [4], where-
as the sensor with a metal oxide catalyst exhibits much greater response (ampli ication) without sacri icing 
speci icity.

Figure 7: SEM micrograph of CuO nanowires formed on the surface of a nickel microheater.

Figure 8:  Eff ect of TATP concentration on thermodynamic sensor response, with a SnO catalyst (blue) and without a 

catalyst (red).
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In addition to increasing the surface area by 5-6 orders of magnitude over our existing sputtered catalyst, 
and thus, increasing sensor response, the ZnO nanowires also improved the conductometric sensor response. 
Other researchers [15] have determined that explosives molecules stick readily to and are adsorbed onto 
the surfaces of nanostructured oxides. This results in a change in surface chemistry and thus, a change in 
electrical conductivity. Figure 9a shows the response of an orthogonal sensor to 0.5 ppm 2,6-DNT using a 
ZnO catalyst at 410 °C. The analyte vapor, 2,6-DNT, was introduced into the system for 60 sec. and both the 
thermodynamic and conductometric signals showed a large, rapid response (response time < 10 sec). 
However, the two orthogonal sensor platforms appear to have different time constants; i.e. compared to the 
conductometric response, the thermodynamic response takes a longer time to reach equilibrium. Additional 
tests of the orthogonal sensor using SnO2 as the catalyst and 2,6-DNT as the analyte were conducted.  The 
purpose of these additional tests, was to determine the effect of vapor concentration on recovery time (see 
Fig. 9b). Here, the thermodynamic response was linear with respect to 2,6-DNT vapor concentration, where-
as the conductometric response remained relatively constant as the 2,6-DNT vapor concentration was de-
creased beyond a certain level.

D. Milestones

A number of milestones have to be met before the orthogonal sensors developed for ALERT can be delivered 
to DHS and its stakeholders. First and foremost, ield-testing of the orthogonal sensor will be completed in a 
mock cargo container within the next 10-15 months.  The sensor testing to date has been done using bench 
level experimentation, under controlled laboratory conditions. Moving the existing sensor platform out of 
the laboratory and into the ield represents a major undertaking. The testing apparatus has to be packaged 
so that it is not only robust but lightweight and portable as well. A cargo container will soon become avail-
able to ALERT for sensor evaluation. It should be an ideal venue for ield-testing purposes. Humidity and 
temperature effects on sensor performance will have to be taken into account during ield trials. We will also 
continue our efforts to reduce the thermal mass of sensors, by transitioning from a solid-state platform to a 
MEMS-based platform. This transition will eventually lead to a fully functional, handheld device.  Completion 
of the MEMS-based sensor will take place over the next 10-20 months. To accomplish this, we will build upon 
the successes of our earlier versions of the MEMS platform using free-standing silicon nitride diaphragms to 
support microheaters and nanowire catalysts, thereby creating the necessary thermal isolation on a micro-
scopic platform.  We will also continue our efforts to build a library of sensor responses (or signatures) for 
speci ic catalyst-analyte combinations, and at the same time lower the detection limits for the threat mole-

Figure 9: Thermodynamic sensor response (blue) and conductometric sensor response (red) to 2, 6-DNT at 410 °C (a) 

and response of same orthogonal sensor to diff erent concentrations of 2, 6-DNT in the vapor phase at 410 °C using a 

SnO
2
 catalyst (b).

ALERT  
Phase 2 Year 2 Annual Report 

Appendix A: Project Reports 
Thrust R2: Trace & Vapor Sensors 

Project R2-B.1



cules.  New oxide nanowire catalysts will be developed over the next 24 months and inally, we will continue 
to investigate other explosives that have even lower vapor pressures than those energetic materials we have 
successfully detected to date.

E. Future Plans
Since September 11, 2001, the screening of cargo containers for chemical weapons at ports of entry has been 
a priority for DHS. However, a rapid, cost effective screening method for explosives and explosive pre-cursors 
does not currently exist [12], [13], [14]. Since the vapor space above the cargo in these containers can contain 
detectable concentrations of explosive vapor, our ETD sensing technology could be used to probe the space 
for potential threats. Thus, our future plans will focus on developing a portable sensing device (using an air 
pump to induce air low) that will effectively draw vapor from the head-space over the sensor elements, to 
enable real time detection. A cargo container will soon become available to ALERT for sensor evaluation. It 
should be an ideal venue for ield-testing purposes. A small air pump will allow us to sample the head-space 
within cargo containers through small vents now mandated by the US government on every container.   In 
this way, the “threat molecules” vaporized within the containers will be concentrated enough to allow for 
detection. Sampling with an air pump will also allow us to operate our detection system under different en-
vironmental conditions, including both humidity and temperature. 
Great progress has been made in the pursuit of unique signatures or sensor responses to speci ic catalyst-an-
alyte interactions, using our dynamic scanning protocol (see Fig. 1). Here, a second reference microheater 
was used to eliminate unwanted sensible heating effects, which form the background signals. The detection 
limits have been signi icantly lowered using our dynamic scanning protocol and high surface area catalyst 
supports. We will continue to pursue lower detection limits for both nitrogen and peroxide based explosives 
using our high surface area catalyst and dynamic scanning protocols in the coming year. At the same time, 
we plan to transition our thermodynamic sensor platform from a solid-state device to a MEMS-based device, 
now that we have addressed the issue of reduced surface area for the active sensor elements (catalyst-coated 
microheaters) in the MEMS, which would have a considerably smaller footprint. To address this reduction in 
sensor footprint, zinc oxide nanowires and copper oxide nanowires will be employed as the catalyst and/or 
catalyst support in the MEMS platform. Since we are eventually planning to develop an integrated MEMS de-
vice (with electrical measurement unit) on a custom integrated circuit, this will serve as a platform for multi-
ple catalysts, thermal measuring devices and reference microheaters. Using the MEMS platform, a handheld 
version of our ETD system is envisioned.
To develop a portable, handheld ETD system, our existing microheater-based sensor will be re-con igured to 
a MEMS platform using free-standing silicon nitride diaphragms to support microheaters and nanowire cat-
alysts, thereby creating the necessary thermal isolation in a microscopic platform. A photograph of an array 
of free-standing diaphragms, fabricated on a silicon wafer is shown in Figure 10 on the next page. Partnering 
with the US Army Electronics Laboratory (Maryland) and the US Naval Undersea Warfare Center (NUWC), we 
are developing a MEMS version of our orthogonal gas sensor that will serve as the enabling technology for a 
portable explosives trace detection system that is both self-contained and capable of continuously monitor-
ing a wide variety of threat molecules. 
Long term, we intend to use custom integrated circuit design techniques and MEMS sensors, whereby the 
acquisition of the signals derived from the detectors can be automatically screened for threat molecules. 
NUWC has considerable expertise in the development of MEMS devices, custom integrated circuit design, 
device packaging and air low issues. The premise here is that analyte-speci ic thermodynamic and electrical 
conductivity changes induced during adsorption by a metal oxide catalyst allow high-resolution detection of 
explosives vapors using orthogonal modalities that minimize false positive signals. The long term goal for the 
Navy is to develop sensor arrays; i.e. arrays comprised of an integrated MEMS and electrical measurement 
unit on a custom integrated circuit, which can serve as a platform for multiple catalysts, thermal measuring 
devices and reference microheaters.
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III. RELEVANCE AND TRANSITION

A. Relevance of Research to the DHS Enterprise

This ALERT research project addresses one of the challenges for DHS in that both nitrogen-based and non-ni-
trogen-based explosives can be detected at trace levels.  This would assist the DHS enterprise, since a number 
of commercial ETD systems that can reliably detect nitrogen-based explosives are unable to detect perox-
ide-based explosives. Our sensor system is equally pro icient in detecting TATP and 2,6-DNT at the ppb levels 
but our goal is to lower the detection limits for both nitrogen- and peroxide-based explosives.   Another major 
concern for the DHS enterprise is false alarms; i.e. false positives and false negatives. A potential confuser for 
TATP using our thermodynamic sensor platform is acetone, which is the decomposition product of TATP in 
the absence of any catalyst [16]. However, the catalytic decomposition of TATP using our sensor results in the 
formation of hydrogen peroxide and not acetone [1], [2]. Thus, those confusers that may be anticipated in the 
absence of a catalyst may not be an issue at all with our ETD system, since our sensor depends on catalytic 
decomposition.  In our case, hydrogen peroxide would be more of a confuser than acetone. In addition, our 
project speci ically addresses the issue of false positives and negatives by employing orthogonal sensor mo-
dalities that are somewhat unique in that the metal oxide catalyst is simultaneously interrogated using two 
different sensing protocols. The result is a built-in redundancy consisting of both a thermodynamic signature 
and a conductometric signature. The metric for the orthogonal modalities is to lower the detection limit for a 
given analyte-catalyst combination using each type of sensor platform.  The metric for the MEMS-based sen-
sor platform is to reduce the sensor footprint relative to the solid-state sensor without sacri icing capability; 
i.e. without sacri icing the current sensitivity and selectivity of the solid-state sensor.

B. Potential for Transition 

We have discussed our technology with several end-users including Delta Airlines and the Port Authority 
of Savannah, Georgia (Savannah is the second largest seaport on the east coast). The Port Authority was 
interested in “monitoring” potential threats emanating from containerized cargo ships and tankers contain-
ing toxic gases that could threaten the public. Since the Port Authority saw a potential application for our 
device in regards to leaks of toxic gas such as chlorine at low levels, they were favorably impressed with our 
research. We later demonstrated for The Port Authority that we could detect chlorine gas at trace levels with 
our sensor.  Delta Airlines was looking for ways to improve security across airport venues.

    (a)      (b)

Figure 10: Micrograph of an array of MEMS sensors formed on single crystal silicon; each MEMS sensor contains four 

free-standing diaphragms with microheaters (a), and an expanded view of an individual MEMS sensor with a free 

standing diaphragm, microheater and thermocouple (b).
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C. Data and/or IP Acquisition Strategy

We have a number of patent disclosures and have iled two full US patent applications this past spring, includ-
ing U.S. Patent App. No. 14/719,400, “Systems and Methods for the Detection of Compounds”, O.J. Gregory, Z. 
Caron, D. Mallin, and M. Champlin, May 22, 2015 and U.S. Patent Application (June 10, 2015), “Systems and 
Methods for Distributed Chemical Sensors Using Optical Fibers”, O.J. Gregory, T. Wei and J. Oxley. Our patent 
strategy is to license all or a portion of our sensor technology to the manufacturers of detection equipment, 
such that it will broaden the capabilities of their existing detection equipment.

D. Transition Pathway

We have been working with potential commercialization partners, SensorTech Inc., and users Savannah, GA 
and NUWC to explore venues for ield-testing our sensor technology. Field-testing will be a high priority over 
the next two years and collecting data in the ield and processing the data in “real time” will go a long way 
toward satisfying the needs of potential end users. SensorTech Inc. has offered their services to assist us in 
ield-testing but we were not yet prepared to complete testing in the manner and venues they desired. Before 

transitioning to a full-scale venue, we intend to do a few more scale-up experiments beforehand. Our latest 
effort along these lines includes the addition of an air pump to our testing protocol to emulate how the sen-
sor would be used in a “real testing environment”. The use of an air pump for testing will allow us a proof of 
concept for sampling in various environments.
In addition to the above collaborators, we have continued to pursue potential commercialization efforts with 
other industrial partners, primarily the manufacturers of detection equipment including Smiths Detection, 
FLIR and Raytheon. FLIR, for example, visits our laboratory several times a year to see the progress made and 
new technologies that have been incorporated into our sensor platform. They are interested in technologies 
that could possibly bene it their FIDO detection system. One of our critical milestones, pre-concentration, is 
of great interest to FLIR, as is our microheater design, which can operate at temperatures high enough to de-
compose almost any threat molecule or narcotic. A partnership with FLIR would complement their existing 
capability with FIDO, especially as it relates to peroxide based explosives. In doing so, they could capture a 
much larger cross section of potential threats than currently available.

E. User Partner Connections

NUWC and URI have entered into a Co-operative Research and Development Agreement (CRADA- NUWC-
DIVNPT-13-801) to assist in the design and implementation of a MEMS-based sensor platform. Dr. Theresa 
Baus, Technology Transfer Chief, is our technical contact at the Naval Undersea Warfare Center.

V. PROJECT DOCUMENTATION

A. Peer Reviewed Journal Articles

Pending-
1. Caron, Zachary, C. and Gregory, Otto, J., “Oxide Nanowire Catalysts for Gas Sensors”, Nanoletters, 

submitted.
2. Caron, Zachary, C., Mallin, Daniel, Champlin, Mitchell, and Gregory, Otto, J., “A Pre-Concentrator for 

Explosive Vapor Detection”, Electrochemical Society Transactions, in press. 
3. Chu, Yun, Mallin, Daniel, Amani, Matin, and Gregory, Otto, J., “Detection of Explosives Using Orthogo-

nal Gas Sensors”, IEEE Sensors Journal, in press.
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B. Peer Reviewed Conference Proceedings

1. 227th Electrochemical Society Meeting, Chicago, IL, May 2015, “A Pre-Concentrator for Explosive 
Vapor Detection”, Zachary Caron, Daniel Mallin, Mitchell Champlin and Otto Gregory  

2. 250th American Chemical Society National Meeting, Boston, MA, August 2015, “Trace Explosives 
Detection using Zinc Oxide Nanowires”, Zachary Caron, Daniel Mallin, Mitchell Champlin and Otto 
Gregory 

3. Federation of Analytical Chemistry and Spectroscopy Society – FACSS/SciX Conference, Providence, 
RI, September 2015, “Trace Explosive Detection using Zinc Oxide and Copper Oxide Nanowire Cata-
lysts”, Zachary Caron and Otto Gregory

4. SPIE Scanning Microscopies 2015, SPIE Scanning Microscopies Symposium: Santa Barbara, CA, (Oct. 
2015), “A Compilation of Cold Case Investigations using Scanning Electron Microscopy ”, O.J. Gregory 
and M.J. Platek

5. TESSA02 Workshop, Northeastern University, Boston, MA, August 5, 2015, “Orthogonal Sensors for 
Vapor Residue”, Z.Caon, V. Patel, D. Meekins, M. Platek and O.J.Gregory

C. Other Presentations

1. Poster Sessions
a. AIChE Northeast Regional Student Poster April 2015 Contest, “Orthogonal Detection of Explo-

sives and Explosive Precursors”, M. Champlin, J. Chan, Z. Caron, and O. J. Gregory
b. 2015 URI Chemical Engineering Graduate Student Symposium Poster Contest, “Dynamic Sens-

ing for Trace Explosives Detection”, April 2015, Z. Caron, M. Champlin, J. Chan, and O. J. Gregory

D. Student Theses or Dissertations

1. Daniel Mallin, “Increasing the Selectivity and Sensitivity of Gas Sensors for the Detection of Explo-
sives”, December 2014, M.S. in Chemical Engineering.

E. Technology Transfer/Patents

1. Inventions Disclosed
a. “Systems and Methods for the Detection of Compounds”, URI patent disclosure February 2015, 

O.J. Gregory, Z. Caron, D. Mallin, and M. Champlin.
2. Patent Applications Filed

a. U.S. Patent iled on May 22, 2015; App. No. 14/719,400, “Systems and Methods for the Detection 
of Compounds”, O.J. Gregory, Z. Caron, D. Mallin, and M. Champlin. 

b. U.S. Patent Application iled on June 10, 2015, “Systems and Methods for Distributed Chemical 
Sensors Using Optical Fibers”, O.J. Gregory, T. Wei and J. Oxley.
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