
I. PARTICIPANTS

II. PROJECT DESCRIPTION

A. Project Overview

We have examined a number of homemade explosives (HMEs), but this report is dedicated to the detailed 
study of erythritol tetranitrate (ETN). Our work in this area highlights a hazardous operation that many in 
the Homeland Security Enterprise (HSE) perform. Because ETN melts at 60°C and appears unchanged to over 
100°C; sometimes melt-casing this material is included in HME training. In the U.S. alone, a number of 
training accidents have occurred. We examined the thermal decomposition of ETN, both through 
experimental and computational methods. In addition to ETN kinetic parameters, decomposition products 
were examined to elucidate its decomposition pathway. As a result of increased terrorist use of ETN, we were 
invited to team with researchers at the Netherlands Forensic Institute (NFI) to examine the key 
characteristics which might identify how, where, and possibly who made the HME. Work was recently 
presented at the  DHS Centers of Excellence Summit (May 2018, Washington DC) and at the 47th International 
Symposium on High Performance Liquid Separations (July 29 – August 2, 2018, Washington DC).  

Erythritol tetranitrate (ETN) was prepared by three methods of nitration using a number of suppliers of 
erythritol both in the U.S. and Europe. Reaction conditions, such as time reacted at room temperature and 
neutralization protocols were also varied. Both the crude product and the recrystallized product were 
examined. A number of instrumental methods were used to characterize the resulting ETN: liquid 
chromatography/mass spectrometry (LC/MS), Raman and Fourier-transform infrared (FT-IR) spectroscopy, 
X-ray diffraction (XRD), differential scanning calorimetry (DSC), and isotope ratio mass spectrometry
(IRMS). DSC was most useful in identifying incomplete nitration; however, there were no clear clues as to
impurities in the original source of erythritol.  LC/MS analysis also did not aid in identifying the original
source of erythritol, but it did provide a unique profile of each ETN batch. IRMS provided a batch profile but
could not easily be correlated to the starting sweetener. The other techniques did not provide sufficient
resolution to distinguish one batch from another.
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B. State of the Art and Technical Approach 

The nitration of polyhydric alcohols has been practiced since the 1840s [1], but only in the last two decades 
has the sugar alcohol erythritol emerged as a popular non-nutritive sweetener [2] and  become widely 
available. Like any alcohol, under the right conditions, erythritol can be nitrated to prepare erythritol 
tetranitrate (ETN), an explosive that has been known for over one hundred years [3]. Because of the relative 
ease of obtaining the precursor materials and the ease of the synthesis, ETN has become a favorite HME of 
amateur chemists and even terrorists, posing a security threat [4]. Furthermore, its low melting point makes 
it attractive as a matrix for other energetic materials [5]. On the internet, there are numerous procedures for 
the synthesis of ETN depending on the materials one may obtain. As a result, law enforcement agencies need 
to understand how different synthetic procedures can affect the product ETN. This may have implications 
from a detection, as well as a forensic standpoint.  

 

 

In order to establish a database to aid forensic attribution, erythritol and mixtures of erythritol were 
acquired from the internet (U.S. samples) or were provided by the Netherlands Forensic Institute. Erytritol 
was converted to erythritol tetranitrate primarily by two methods: treating it with a mixture of white fuming 
nitric acid and concentrated sulfuric, or treating it with in-situ produced nitric acid from potassium nitrate 
salt and sulfuric acid. The reaction was benchmarked by a third production of ETN formed via acetyl nitrate. 
Results, shown below, indicate the overall yield of ETN, via mixed acid (Table 1) and via potassium nitrate 
(Table 2), and the percent not fully nitrated (the tri nitrate ETriN).  It can be readily seen that the mixed acid 
method gives better yields 68% vs 41% and less partially nitrated ETriN than the route via potassium nitrate. 
For high yield of pure ETN for our laboratory standard, the acetyl nitrate route is employed (see Table 1).   
However, it is the potassium nitrate route which is likely to be more accessible to the illicit chemical 
operation.   
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While there were observable differences in yield and purity of the ETN produced via different methods, more 
definitive differences were sought through the use of an isotope ratio mass spectrometer (IR-MS). Isotope 
ratio mass spectrometers are magnetic sector instruments that collect ion currents in an array of Faraday 
cups. IRMS differ from conventional organic MS in that they are tuned to examine an element of interest or 
its oxide. IRMS do not scan a mass range nor provide structural detail; instead they provide an isotopic 
profile, typically 13C/12C; 15N/14N; 18O/16O; and 2H/1H.   Globally, the isotopic abundance of these stable 
isotopes is fixed; but on a regional scale they vary, reflecting various biological, chemical, or physical 

processes. Abundance of a stable isotope is generally quoted in delta values, . Delta values compare the ratio 
of the heavy to the light isotope of the sample (Rsample) to that of an international standard (Rstandard) as 
follows:   

 

The delta value may be positive or negative, but the interest is how it varies. The isotopic signature was first 

determined for the starting materials—13C for the erytritols and 15N for the nitric acid and potassium 
nitrate. Based on forensic studies of other explosives, it was anticipated that major differences in synthesized 
ETN samples would be observed via bulk stable isotope analysis [6-14]. For the scope of this work, only 
carbon and nitrogen isotope ratios were measured for bulk ETN (including any ETriN contamination). In 
measuring the δ15N values it could be assumed that the only source of nitrogen was found as nitrate. The 
same could not be said of δ13C values of all the purchased sweetener. Because erythritol is only 70% as sweet 
as sugar [2], it is commonly found as mixtures with other sugar substitutes such as stevia, oligosaccharides, 
or other carbon-based sugar substitutes. Pure erythritol δ13C values appeared between -12.81 and -11.89 ‰ 
for samples procured in the United States (Table 3); however, the window expands to -13.58‰ when 
including the erythritol samples from the EU. The sweeteners containing other sugar substitutes exhibited 
an even wider range of δ13C values. This was especially true for those marketed as “brown sugar” substitutes. 
Truvia (85wt% erythritol with stevia) fell in the middle of the pure erythritol grouping with -12.27±0.06‰. 

Sample Vendor Reaction Conditions
%  ETN 

yield 

%  ETriN 

crude

%  ETriN 

rec

TB148 Acros Standard 30 min 0
o
C, 1 hr rt 77 5 1.7

TB149 Hoosier Hill " 72 5 2.1

TB130 Real Foods " 74 6 1.3

TB152b Xylitol USA " 76 4 1.0

TB155a Swerve " 58 6 1.1

TB150 Truvia " 72 9 1.2

TB42A Truvia 1 hr rxn <5
o
C 19 7 0.7

TB14A Truvia 2 hr rxn rt 83 3 0.4

TB16A Truvia 4 hr rxn rt 78 2 0.3

TB18A Truvia 6 hr rxn rt 80 2 0.3

TB67A Truvia min water, no wash 75 5 0.4

TB56A Truvia NaHCO3 rinse 75 5 0.8

TB65A Truvia (NH4)2CO3 rinse 56 7 0.7

TB50A Truvia Drain cleaner (H2SO4) 65 6 0.9

TB54A Truvia only WFNA 59 45 9.6

TB156 Truvia 2X WFNA 18mL 40 8 1.0

TB155b Truvia 1/2 WFNA (4.5 mL) 82 7 0.3

TB55A Truvia Acetyl nitrate 92 0 0.0

† Mixed acid standard conditions: Add 9.3 mL of WFNA to erythritol/sulfuric acid at 0 °C, 

30 minutes at  0 °C, 1 hour at room temperature (RT), precipitate product in ice w ater

Mixed Acid†

Sample Vendor Reaction Conditions
%  ETN 

yield 

%  ETriN 

crude

%  ETriN 

rec

NS23 Acros Standard 1 hr rt 50 8 1.2

NS08 Hoosier Hill " 42 10 4.2

NS06 Real Foods " 55 6
NS09 Xylitol USA " 50 11
NS11 Swerve " 52 8 2.1

NS07 Truvia " 24 10 3.9

NS22 Truvia 0.5 hr rxn 47 13 1.1

NS15 Truvia 2 hr rxn 17 10 2.1

NS16 Truvia 4 hr rxn 18 10 1.2

NS17 Truvia 6 hr rxn 52 6 2.0

NS20 Truvia NaHCO3 rinse 25 9 1.4

NS24 Truvia (NH4)2CO3 rinse 19 10 2.2

NS21 Truvia Drain cleaner (H2SO4) 42 7 0.8

NS18 Truvia nitrate raised 1 8g 24 11 3.8

NS10 Truvia Ammonium nitrate 22 9 1.7

NS12 Truvia Sodium nitrate 33 7 1.2

NS14 Truvia Stump Remover (KNO3) 30 9 1.9

‡Nitrate salt  standard conditions: Add erythritol to 10 g of potassium nitrate in sulfuric acid at 15-20 °C, 

stir for 1 hour at RT, precipitate product in ice water *Stump remover is 100% potassium nitrate.

Nitrate Salt‡
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Erythritol mixtures with other carbon-containing sugar substitutes had bulk δ13C values more negative than 
pure erythritol. 

 

As expected, the range of δ15N values of the potassium nitrate varied depending on the source. The measured 
δ15N values of the potassium nitrate samples, both laboratory reagent and those derived from nitric acid 
(Table 4), are within observed ranges from previous works [6, 11-13]. For the duration of the project, three 
different bottles of white fuming nitric acid were used. In total, there were five sources of nitrate, ranging 
from white fuming nitric acid (measured as potassium nitrate salt) to reagent potassium nitrate. Samples of 
nitric acid used in the ETN synthesis were converted to potassium nitrate for isotope ratio studies via 
modified literature methods [6, 15]. A few milliliters of nitric acid were diluted, neutralized with potassium 
hydroxide, and dried, which left behind the white solid, potassium nitrate. Interestingly, samples 2 and 3 of 
potassium nitrate are different bottles of WFNA from the same lot, received at different times. Both were 
sampled immediately after opening and the isotope values are within the error (6.01‰ compared to 
5.96‰). Sample 2 was analyzed multiple times in order to track the potential change in the isotopic 
composition of the bottle for the duration of the mixed acid syntheses. As the acid aged and was used, the 
ratio of 15N/14N is increased. This is expected; the heavier 15N would be more likely to remain in the stock 
container making Rsample become a larger value and, thus, the delta more positive. 
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One would not expect δ13C values to change in the production of a product that did not lose or gain any carbon 
atoms. For most, there was little observed difference in the product ETN δ13C value when compared to the 
starting material. Table 5 shows that there is a slight trend for the δ13C value of the ETN made from nitrate 
salt to become more negative. This means that there is less of the heavier 13C in the product than the starting 
material, which would not be unexpected in a reaction which is not going to completion. The greatest 
differences between precursor and product is with ETN prepared with erythritol mixes. Though the ETN 
samples made from Truvia are within standard deviation of the starting material, there is a great difference 
in the δ13C values of the sweetener Swerve and the produced ETN; the value goes from -16.23‰ to about -
14‰. Undoubtedly, this dramatic change is due to the loss of the non-erythritol components of the 
sweetener during the synthesis and workup. 

 

In contrast to carbon, the addition of nitrogen to erythritol is the chemistry being performed so that a change 

in 15N is expected. Table 6 shows the resulting 15N values. Comparing Table 4 to Table 6 shows that the 

positive 15N of the white fuming nitric acid method resulted in a positive (though less so) 15N in the ETN 

and the negative 15N of potassium nitrate resulted in negative (more so) 15N in the ETN (delta values 
become more negative as the lighter isotope is preferentially incorporated).  Although the delta values 
became more negative, examining the δ15N values of the ETN made by either the mixed acid or the nitrate 
salt method shows that the difference between the precursor nitrate sources is preserved. As greater 
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databases of these nitrate-containing materials are made, generalizations regarding the nitrate source may 
become more accurate. 

 

Conclusions: ETN is easily synthesized by any nitration method with readily available chemicals. While the 
laboratory preparation of nitrate esters via acetyl nitrate gives the greater and purer yield of ETN than other 
methods, mixed acid nitration remains a popular method for synthesis. Although the nitrate salt method gave 
lower yields overall, it is more likely to be found in the field because the starting materials are easy to obtain 
(sulfuric acid and potassium nitrate versus fuming nitric acid). Spectroscopic techniques (FT-IR, Raman) 
remain the frontline for rapid ETN detection in the field; however, they do not offer much in the way of 
determining which route was used for synthesis. 

Of significance in terms of distinguishing samples was the percent of lower nitrates remaining in the product. 
Although this could be reduced, it was not eliminated by recrystallization of the crude product.  This feature 
was best observed by LC/MS although if contamination by lower nitrates was large, DSC also provided 
evidence if there was significant enough ETriN present in the sample. It remained difficult to determine if the 
ETriN was present as a result of incomplete nitration or if it was the result of the product already beginning 
to decompose.  

Although comparisons of δ13C values distinguished between batches made with pure erythritol and mixtures, 
e.g. Swerve, isotope ratio mass spectrometry was more useful in differentiating between the two synthesis 
routes via analysis of the δ15N values of the resultant ETN. The source of the nitrate, either nitric acid or some 
nitrate source, maintained its profile through the synthesis. Though it would require a broader view of the 
isotope ratio values of various nitrate containing materials, generalizations can be made regarding the source 
of the nitrate (acid versus salt). 

C. Major Contributions 

 Extensive TATP characterization—safe scent aids, gentle destruction (Years 1-4) 

 The limitations of certain oxidizers in terms of terrorist use (Years 1-2) 

 Baseline information about HMTD chemical properties and reactivity (Years 1-4) 

 Identifying the hazards of humidity to HMTD (Years 2-3) 

 Formation mechanism of HMTD initiated (Years 2-3) 

Method ETN Sample Erythritol Source d
15

N (‰) SD N

TB148 Acros 2.70 0.07 4

TB152b Xylitol USA 2.89 0.14 6

TB130 Real Foods 2.62 0.14 6

TB149 Hoosier Hill Farms 2.60 0.07 5

TB150 Truvia 2.94 0.09 6

TB155a Swerve 2.55 0.13 6

NS23 Acros -3.70 0.10 5

NS09 Xylitol USA -3.97 0.07 7

NS06 Real Foods -3.79 0.06 9

NS08 Hoosier Hill Farms -4.02 0.06 6

NS07 Truvia -4.40 0.14 9

NS11 Swerve -3.95 0.14 9

Mixed acid

Nitrate salt
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 Gentle destruction methods for HMTD (Years 3-4) 

 Safe-scent aids for HMTD (Years 3-4) 

 Revealing modes by which peroxide explosive signature can be masked by solvent (Years 3-4) 

 Canine training aids for TATP and HMTD (Years 3-4) 

 Determining best practices in analyzing peroxide explosives (Year 5) 

 An extremely reliable standard for HMTD quantification work has been developed (Year 5) 

 Examination of ETN, tracking synthesis routes, and attribution (Year 6) 

 Creating new method of “neutralizing” any small-scale (1 lb. scale) hazard (Year 6) 

 Examination of toxicity issues for canines (Year 5) and humans (Year 6) 

 Development of a new method for “injecting” non-volatile explosives (e.g. chlorate) into IMS 

Over the course of this project, we have received the following notable thank you notes from stakeholders: 

 CEXC Chemical Exploitation Lab CJTF Paladin/TEX (March 20, 2011):  “Thanks for providing this service. 
I am quickly finding out that I am dependent on good libraries to make efficient use of our instrumentation. 
I have also found out that some of the libraries provided on our instruments are often not very useful.” 

 Marine Corp Naval Explosive Ordnance Disposal Tech, Stump Neck (June 13, 2016): “My community uses 
that data. I am always looking for and comparing different data sources. It is greatly appreciated.”  

 Babcock Labs (November 2016): “…alerting LC-MS users about this [ACN] effect, is very applicable to 
emerging fields; especially to non-targeted analysis where one might completely miss certain suspects/non-
targets due to the fact that they poorly ionize under acetonitrile conditions…This one’s a keeper in my 
collection.” 

 Bureau of Alcohol Tobacco, Firearms and Explosives (BATFE) (May 2017) regarding our one-day hands-
on course “Explosive Analysis”: “I wanted to thank you for hosting that wonderfully informative short 
course! Every aspect was exactly what I needed to tie up the loose ends of my new field of study….This note 
book now serves as a great tool to catch up the other people who hired on with me…Your graduate staff did 
a great job.” 

D. Milestones 

 Work with NFI is close enough to completion that it has been presented at three different venues.  The 
two discussed above and also at a European forensic meeting in Fall 2018.  We hope to have completed 
the project by Fall 2019. 

 Field testing of fuel-oxidizer mixtures was pursued in Fall 2017; in 2018 work on field-scale (5 kg) was 
completed and paper in review.  

E. Future Plans (Year 7) 

Over the years, this project has resulted in well over a dozen papers on HMEs, such as TATP, HMTD, ETN, 
and other nitrated sugars. This will be a lasting achievement for DHS, as well as the database compendium. 
There are a myriad of HME-related questions yet to be answered, and each year it is expected that new 
threats will require in-depth investigation. This project does basic research essential to those in the HSE; 
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however, they may not have the time to pursue this information nor is pursing it in their job descriptions. 
The transition for this project is making sure our information and the results of our investigations are 
accessible and understandable to the HSE, as well as educating the workforce that will be the future of the 
HSE.   

 We propose to compile relevant information in a book covering characterization of HMEs (Project R1-
A.1). 

 We will continued development of canine training aids to allow the offering of explosives in addition to 
TATP and HMTD (Project R1-A.1). 

 This project has examined the four-carbon nitrate sugar erythritol. The six-carbon sugars are also under 
investigation (Project R1-A.1). 

 HMTD formation and transformations will be probed (Project R1-A.1). 

III. RELEVANCE AND TRANSITION    

A. Relevance of Research to the DHS Enterprise 

Characterization of HMEs is an ongoing research effort within DHS, involving vendors and associated 
researchers. It impacts the entire HSE. In many cases, our methods of analysis lead the way for other 
members of the HSE. Our studies on the extreme sensitivity of HMTD to moisture and acidity may have 
prevented mishandling in a number of laboratories. Many vendors of explosives detection instrumentation 
have requested access to the explosives database, or asked for help in working with various materials 
characterized in this project. The characterization of these materials is published on our database (URI 
Explosives Database), which is subscribed to by over 1,000 people, about a quarter of which are from U.S. 
government agencies. Furthermore, our work is cited in the DHS HME Safety Protocols Handbook, and we 
were invited to participate in the DHS Chemical Security Analysis Center & Explosives Division 1st Inter-
agency Explosives Terrorism Risk Assessment Working Group. We have worked directly with ten vendors of 
explosive detection instrumentation. 

B. Potential for Transition 

When we are not building detection devices, we provide essential input to those who build such devices. As 

we noted above, almost a dozen vendors have visited us or sent their instruments to be evaluated by us. We 

have worked with numerous companies producing explosive detection instruments. We publish results in 

the open literature and present at the Trace Explosive Detection Workshop annually. Information is also 

disseminated via short courses, and we post results on the URI Explosives Database, which has over 1,000 

users. A National Institute of Standards & Technology (NIST) senior scientist commented on our database of 

explosive properties: “It was all we had, in many cases.” This is high praise from the organization that 

maintains the “Chemistry Webbook.” We have also received such compliments from military labs, both in 

CONUS and OCONUS.  

C. Data and/or IP Acquisition Strategy 

As data from the program becomes available it will be provided to the community through DHS, publications, 

and presentations. We have received requests to license the explosive database; however, to date vendors 

have not offered sufficient security protocols. 
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D. Transition Pathway  

Results will primarily be transferred to the user community by publications, presentations, and classes. The 

results of this work reach 200 to 300 HSE researchers annually through classes they request. Additionally, a 

book is underway to catalog our characterization of HMEs.  

E. Customer Connections 

The connections to DHS (central), TSL, and TSA are strong. To date the FBI is the major agency outside of 

DHS which is aware of the details of this project.    

IV. PROJECT ACCOMPLISHMENTS AND DOCUMENTATION  

A. Education and Workforce Development Activities 

1. Course, Seminar, and/or Workshop Development 

a. In Year 6, we provided four short courses on different explosives topics, which were attended by 
a total of 85 people.  

2. Student Internship, Job, and/or Research Opportunities 

a. Five graduate students who were supported by ALERT and graduated are now at ARA, Tyndal 
AFB working on TSA screening equipment (2 students), Signature Science supporting TSL, the 
FBI, and Los Alamos National Laboratory. 

3. Interactions and Outreach to K-12, Community College, and/or Minority Serving Institution Students 
or Faculty 

a. We are collaborating with the Netherlands Forensic Institute on the ETN study.   

b. In Summer 2018, we ran two 2-week courses for high school students. This program will run 
again in Summer 2019.  

4. Training to Professionals or Others 

a. See “New and Existing Courses Developed and Student Enrollment” in Section IV.H.  

B. Peer Reviewed Journal Articles  

1. Colizza, K., McLennan, L., Yevdokimov, A.V., Smith, J.L., & Oxley, J. “Metabolism of Triacetone 
Triperoxide (TATP) by Canines Cytochrome P450 2B11.” Forensic Toxicology 37(1), January 2019, 
pp. 174-185. https://doi.org/10.1007/s11419-018-0450-9 

C. Other Publications 

1. Oxley, J.C., Smith, J.L., Porter, M., Brady, J.E., & Levine, R.M. “Polymer Packaging of I2 Producing 
Pyrotechnic Biocides.” Journal of Energetic Materials, 36(4), August 2018, pp. 493-501. DOI: 
10.1080/07370652.2018.1504140 
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D. Other Conference Proceedings 

1. Oxley, J.C. “Three Explosives Projects for the DHS COE.” University of Illinois, Engineering, April 16, 
2019.  

E. Other Presentations  

1. Poster Sessions 

a. Gonsalves, M., McLennan, L., Jang, J., Kagan, G., Smith, J., & Oxley, J. “R1-A.1: Characterization of 
Explosives & Precursors.” ALERT Technology Showcase, May 2019. 

2. Short Courses 

a. In Year 6, we provided four short courses on different explosives topics, which were attended by 
a total of 85 people. See “New and Existing Courses Developed and Student Enrollment” in Section 
IV.H.  

3. Interviews and/or News Articles  
a. Inglis, J. The Conversation, 24 October 2018. 

b. Oberhaus, D. “How Experts Trace a Homemade Bomb to its Source.” VICE: Motherboard, 24 
October 2018. https://www.vice.com/en_us/article/qv9qyx/how-experts-trace-a-homemade-
bomb-to-its-source 

c. Ingraham, L. “Were Mailed Pipe Bombs Designed to Explode?” Fox News, 24 October 2018. 
https://www.foxnews.com/transcript/were-mailed-pipe-bombs-designed-to-explode  

d. Hay, A., Tarrant, B. “U.S. Bombs Likely Meant to Scare Rather than Kill: Experts.” Reuters, 25 
October 2018. https://www.reuters.com/article/us-usa-packages-forensics/u-s-bombs-likely-
meant-to-scare-rather-than-kill-experts-idUSKCN1MZ2HM  

e. Hobson, J. “How Will Investigators Figure Out Who’s Behind the Suspicious Packages?” 90.9 
WBUR Here & Now, 25 October 2018. 
https://www.wbur.org/hereandnow/2018/10/25/suspicious-packages-investigators-suspects  

f. Bolduan, K. “CUOMO: 10 Packages Sent to Trump Targets, "Capable of Detonation.” CNN, 25 
October 2018. http://transcripts.cnn.com/TRANSCRIPTS/1810/25/ath.02.html  

g. Quinn, C. BBC Radio PM, 25 October 2018. 

h. Karageorgos, A. Canadian Broadcasting, 25 October 2018.  

i. Patel, P. “How Do Bomb Squads Assess a Suspicious Package?” Scientific American, 26 October 
2018. https://www.scientificamerican.com/article/how-do-bomb-squads-assess-a-suspicious-
package/  

j. Evans, M. “Safety Experts: No Universal System Set Up to Screen Mail.” Newsday, 25 October 
2018. https://www.newsday.com/news/nation/packages-delivery-long-island-1.22447650  

k. Newquist, M. “FBI Confirms Likeness Among Suspicious Packages.” Eyewitness News ABC 5, 25 
October 2018. https://kstp.com/national/suspicious-packages-explosive-materials-pipe-
bombs-targeted-attacks-us/5121603/  
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l. Doiron, S., Walsh, K. “Expert Confident FBI Will Catch Pipe Bomb Suspect ‘fairly rapidly’.” WPRI 
Eyewitness News, 25 October 2018. https://www.wpri.com/news/us-and-world/expert-
confident-fbi-will-catch-pipe-bomb-suspect-fairly-rapidly-/1550118458  

m. Isman, C. National CBS, 25 October 2018.  

n. National CBS, 25 October 2018. 

o. Raman, S. NY Times ABQ, 25 October 2018.  

p. Germany, 25 October 2018.  

q. Banfield, A. “Urgent Nationwide Manhunt For Serial Bomber; 10th Potential Explosive Found, 
How Many More?” CNN, 25 October 2018. 
http://transcripts.cnn.com/TRANSCRIPTS/1810/25/ptab.01.html  

r. Olijnyk, Z. Canadian Broadcasting, 25 October 2018.   

s. Pullman, L. Sunday Times UK, 26 October 2018. 

t. Agorakis, S., Ward, A. “2 Possible Reasons the Pipe Bombs Didn’t Explode.” Vox, 26 October 
2018.  https://www.vox.com/2018/10/26/18026974/pipe-bomb-obama-clinton-cnn-mail  

u. NPR, 26 October 2018. 

v. Oni, J. Voice of America, 26 October 2018.  

w. “Man Arrested in Packages Investigation.” CTV News Channel, 26 October 2018. 
https://www.facebook.com/CTVNewsChannel/videos/mail-bombs-jimmie-
oxley/275647619751314/  

x. Laughlin, J. WPRO, 27 October 2018.  

y. Westerly Sun, 31 October 2018.  

z. Harlow, P. “Sri Lanka Government Suspects International Terrorists behind Attacks.” CNN, 22 
April 2019. http://www.cnn.com/TRANSCRIPTS/1904/22/cnr.01.html  

aa. Willis, P. Postal & Parcel Technology International, 24 April 2019. 

bb. Hudson, H. ACS YouTube, 26 April 2019. 

4. Other 

a. Jimmie Oxley is an on-call American Chemical Society (ACS) expert. 

F. Student Theses or Dissertations Produced from This Project 

1. Rettinger, R. “Examination of Non-Ideal Explosives.” PhD, Chemistry, University of Rhode Island, 
December 2018.   

G. New and Existing Courses Developed and Student Enrollment 

Student enrollment in courses is shown below. None of the courses result in a certificate. A full description 
of courses can be found at http://energetics.chm.uri.edu/node/95. 
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H. Technology Transfer/Patents 

1. Patent Applications Filed (Including Provisional Patents) 

a. Oxley, J., Smith, J., Yevdokimav, A., & Colizza, K. “Apparatus and Methods for Explosive Trace 
Detection Sample Preparation and Introduction into an Ionizing Detection System.” Provisional 
Patent 62/816,253, March 2019. 

b. Oxley, J., Smith, J., Ichiyama, R., & Kagan, G. “Safe Control of Hazardous Materials or Others Onsite.” 
US 62/837,520.  

I. Software Developed 

1. Over 1000 members (about 250 members are with U.S. government agencies) in the explosive 
properties database: http://expdb.chm.uri.edu 

J. Requests for Assistance/Advice 

1. From DHS 

a. Oxley is part of the DHS-formed Inter-Agency Explosive Terrorism Risk Assessment Working 
Group (IExTRAWG). In addition to group meetings, a representative was sent to URI for 2 days in 
August 2018, so that we could finalize the metric for selecting threat materials.  

b. On call for a variety of TSA TSS-E personnel. 

c. TSA explosive specialist email questions weekly and call occasionally. 

2. From Federal/State/Local Government 

a. The new URI bomb dog and his trainer rely on our lab for advice and explosives. 
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