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Louisa Hope-Weeks Co-PI Texas Tech U. louisa.hope-weeks@ttu.edu

Brandon Weeks Co-PI Texas Tech U. brandon.weeks@ttu.edu

Graduate, Undergraduate and REU Students

Name Degree Pursued Institution Month/Year of Graduation

Xin Zhang PhD Texas Tech U. 12/2014

Donald Ramirez PhD Texas Tech U. 5/2016

Roya Baghi PhD Texas Tech U. 5/2015

Zixu Zhang PhD Texas Tech U. 2019

Zac Fondren PhD Texas Tech U. 2016

Vanessa Charles PhD Texas Tech U. 2018

II. PROJECT DESCRIPTION

A. Overview and Signi icance 

The project at Texas Tech is centered on the heterogeneity of energetic materials.  We seek to understand the 
structure of energetic materials and how that structure in luences kinetic and thermodynamic properties.  In 
addition, we have developed novel tools to determine thermodynamic parameters of high explosives.  These 
two projects are discussed separately: (1) Heterogeneous and mock energetic materials, and (2) Determina-
tion of thermodynamic parameters of explosives based on optical methods.
An important aspect of funding on this project, with so many participants, is that in 2014 and 2015 three 
graduate students were awarded internal fellowships covering 100% of their expenses (Zhang, Baghi and 
Ramirez).  We were able to leverage this unexpected funding to place additional students on the project (Fon-
dren and Charles).

A.1.  Heterogeneous and mock energetic materials

The scope of this work has investigated methods to produce a diverse range of materials which exhibit pre-
dictable properties with respect to morphology and structure. To this end, we have explored a synthetic 
methodology which can be used to control the texture, composition and z-number of inorganic materials. 
Last year, we explored how the texture and structure of cobalt oxide-based materials can be simply modi ied 
by varying simple synthetic parameters such as concentration and solvent system. These structures are pro-
posed to allow for texture determination in X-ray screening due to the diverse heterogeneity observed in the 
same chemical structure (see Phase 2, Year 1 ALERT Annual Report for more details).
During this year of the project, other structural properties of these mock materials were also investigated.  
Figure 1 on the next page shows representative images of iron/zinc/aluminum aerogels.  The purpose of this 
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work is to elucidate how mixtures of materials affect the inal composition of a composite explosive. By un-
derstanding the chemistry and physics controlling the heterogeneity of a mock compound, the work’s results 
can be expanded to explosives which are often mixtures/composites.

These materials can be used for X-ray screening for texture where we can control the overall density (0.01 to 
3g/cc) and atomic z-number (range 6-39) to provide ‘phantom’ mock explosives.
We have spent a considerable amount of effort understanding how energetic materials interact with var-
ious surfaces.  In previous years, we exploited surface interactions to perform nanolithography with high 
explosives, which led to Tip Induced Crystalization Lithography (TICL).  TICL has now been used by various 
researchers around the world with a strong focus on proteins and pharmaceuticals. 
This past year, we have quanti ied the amount of explosives collected from the vapor phase on various sub-
strates.  The research used various 1 cm2 coupons exposed to a constant lux of TNT.  Figure 2 on the next 
page shows initial results from that work for TNT on various substrates relevant to the DHS mission.  Samples 
were held at 40 oC for 24 hours.  Each coupon was washed and diluted with a ixed amount of acetone.  The 
data suggests that paper and plastics are more effective at collection of explosives in the vapor phase.  This 
information can yield better training protocols for Transportation Security Administration screeners, specif-
ically what surfaces to swipe for Ion Mobility Spectrometers (IMS).

  (A)                 (B)             (C)

Figure 1: SEM inverse opal structures for A) spinel FeAl2O4, B) crystalline ZnAl
2
O

4
 and C) magnetic ZnFe

2
O

4
.

Figure 2: Absorbance spectra of TNT for various surfaces that can reasonably be encountered.  All are fi xed surface area 

(apart from the cotton and foam).  The data can be used to provide training on which surfaces will most likely yield 

explosive compounds during screening.
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One exciting aspect of the heterogeneity studies was discovered during the rate of combustion analysis.  To 
modify the heterogeneity of explosives, we have found in past years that doping with small amounts of im-
purities can drastically modify the structure. For solid carbon-based fuel sources, we have used a variety 
of materials including carbon black, carbon nanotubes and reduced graphene oxide.  In most cases, during 
combustion, the carbon sources are consumed as long as the stoichiometry is balanced.  However, in the case 
of reduced graphene oxide, we discovered that during combustion the graphene oxide is reduced to graphene 
during combustion and it makes a simple, cost effective method of generating graphene; details are given in 
the Project Documentation section.
The most exciting aspect of this work is that arbitrary patterns of graphene can be generated quickly and at 
low cost. Figure 3 shows a series of images starting with a lexible nitrocellulose graphene oxide composite, 
where the combustion of the composite leaves behind graphene that maintains the initial shape.  This work 
will be transitioned to an NSF proposal and will not be continued under ALERT; however, the groundwork 
has shown that the graphene has an extremely high surface area and can be used for supercapacitors.

A.2.  Determination of thermodynamic parameters of explosives based on optical methods

This aspect of the project was to develop new methods for determining the vapor pressure and activation 
energy for sublimation using optical spectroscopy.   In the past year, we have further developed the spectros-
copy to determine the vapor pressures of binary mixtures of explosives and diffusivity of explosives.
For a composite mixture of two or more different chemicals with signi icantly different vaporization points/
rates, the Thermogravimetric Analysis (TGA) curve displays two apparent mass losses at two different times/
temperatures.  For example, a 50/50 mixture by mass may, for example, show 50% mass loss at a particular 
temperature then remain constant until it reaches the next temperature to suf iciently vaporize the second 

Figure 3: Optical images of graphene oxide/nitrocellulose composites. (a) ,(b), (c) and (e) Original GO-NC fi lms, (d) and 

(f) graphene after combustion, (g) , (h) and (k) original GO-NC fi lms before, during and after combustion, respectively.
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component. However, the aforementioned trend will only be observed for two chemicals with signi icantly 
different vaporization points.  If two chemicals with similar vapor points are used, then it becomes impossi-
ble to distinguish two different vaporization events because both compounds will appear to vaporize at the 
same time (i.e. only one smooth curve).
The purpose of our investigation is to overcome the limitations of TGA for compounds of similar vaporization 
points by using Ultraviolet/Visible (UV-VIS) optical spectroscopy.  A major advantage of using UV-VIS is that 
the mass of the sample used does not need to be known as long as there is enough of the sample to ensure 
saturation of the vapor pressure relative to the atmosphere.  By monitoring a maxima in the absorbance of 
a particular wavelength with increasing temperatures, it can be shown that the absorbance at a particular 
temperature can be plotted in a linear fashion to obtain the enthalpy of sublimation via the equation:

where A(λ) is the absorbance as a function of wavelength, T is the temperature in Kelvin, k is a constant (relat-
ed to frequency of occurrence), kb is Boltzmann’s constant, ΔH is the sublimation enthalpy, l is the path length 
inside the cuvette and σ(λ) is the attenuation coef icient relating the strength of absorbance per individual 
atom (depends on species of chemical and wavelength).
Our previous work focused on assessing the validity of simultaneously determining the enthalpy of sublima-
tion of both benzoic acid and ferrocene.  In addition, it was of interest to decrease the amount of one relative 
to the other in order to identify how small of an amount of either could be used while still observing reliable 
results.   This method requires saturation of the vapor pressure of each chemical such that, below a certain 
mass, there are simply too few particles where in all molecules are in the vapor phase. While assessing the 
validity of these compounds, it was observed that ferrocene absorbs (to a smaller extent) in the same region 
of benzoic acid.  Initial data (see Fig. 4 on the next page) was analyzed where there was minimal overlap 
for the ferrocene (195 and 232 nm) and benzoic acid (210 and 215 nm) spectra.  The activation energy for 
sublimation was calculated to be ~75.3 KJ/mol and 84.2 KJ/mol for ferrocene and benzoic acid respectively.
One disadvantage of our initial analysis is that compounds with overlapping absorbances cannot be analyzed.  
This year, we have focused on improving the analysis of the data. According to Beer’s-Law, the total observed 
absorption at a speci ic wavelength can be taken as a superpositional sum of the absorbance of the individual 
molecular species at that wavelength.  For example, if species 1 has an absorbance of 1 absorbance unit (A.U.) 
at 215 nm, and species 2 has an absorbance of 0.5 A.U. at 215 nm, a composite mixture should yield an absor-
bance of 1.5 A.U. if both are analyzed (assuming saturation conditions).  Mathematically, this is represented 
as:

Therefore, it was concluded that in order to accurately distinguish between the absorbances at particular 
wavelength for different chemical species, the attenuation coef icient for at least one compound must be 
known.  In order to accomplish this, one must know precisely how many molecular absorbers are present.  
Recent work has focused on allocating an increasing mass of each sample, and analyzing the absorbance 
response at high temperatures.  After reaching a maximum absorbance, the temperature of the system was 
decreased slightly to ensure there was not a decrease in the absorbance indicating all molecules were in the 
vapor phase.  If suf icient mass is present, the chemicals will remain in equilibrium between the solid and 
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vapor phases.  If a small enough mass is added, all molecules will tend to the gas phase at suf iciently high 
enough temperatures, and a calibration curve can be made to relate a known mass (and, hence, number of 
absorbers) to the observed absorbance.  By obtaining the attenuation coef icient, the total absorbance can be 
pieced together to indicate how much absorption is at a given wavelength due to one species or the other.  For 
two chemicals, only one value would be needed.  In general, for N compounds, at least N-1 of the absorption 
coef icients must be known.

The diffusion coef icient is an important factor required when modeling and detecting explosives. The mass 
transfer rate-limiting step is most often controlled by diffusion. Therefore, to determine the rate of diffusion, 
it is necessary to measure the diffusion coef icient. In addition, the sublimation rates of explosives in air are 
limited by the diffusion process. Experimental values of diffusion coef icients of TNT, PETN and RDX have 
not been reported to date. An attempt to predict the values of the diffusion coef icients of these three ma-
terials using the sublimation rates was determined by a quartz crystal microbalance (QCM) [1, 2]. However, 
according to the authors, the prediction made lacks accuracy due to the limited data on vapor-in-air diffusion 
coef icients, the discrepancy in vapor pressure data available in literature and the deviation of the samples 
morphology from the shapes used in the diffusion model.
In this work, a combination of TGA to measure the activation energy and vapor pressure and optical spectros-
copy to measure the time dependent concentration was used to obtain a diffusivity. The diffusion coef icients 
of TNT, PETN, and RDX at 273K were determined to be 5.76×10-6 m2/sec, 4.94×10-6 m2/sec, and 5.89×10-6 m2/
sec, respectively. Values are in excellent agreement with the theoretical values in literature.

Figure 4: Top: raw absorbance spectra for a 50:50 mixture of benzoic acid/ferrocene mixture at various temperatures. 

Bottom: Fit of the data at selected wavelengths.
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B. State-of-the-Art and Technical Approach

B.1.  Heterogeneous and mock energetic materials

The observation that heterogeneity in both mock and real energetic materials is affected by impurities and 
reaction conditions was not unexpected [3-6]; however, the fact that other physical properties can also be 
modi ied was a new discovery.  For example, the structures shown in Figure 1 have very different magnetic, 
conductive and piezoelectric properties.  Details are not included in this report as a provisional patent has 
been submitted. We also demonstrated, for the irst time that we can obtain diffusion coef icients for explo-
sives through a combination of thermogravimetry and optical spectroscopy.  Previous work relied on model-
ling the diffusion coef icients where TGA was used to validate these models [7, 8] or complex apparatus using 
a combination of TGA and IMS where the energetic materials often decomposed limiting the usefulness of the 
data [9].  The approach presented in this project is a much easier and has shown to provide robust data on 
diffusivity of explosives in air without complex modeling or instrumentation and provides information which 
will improve detection schemes.
We have demonstrated that various materials have an af inity to explosives and we developed a simple way to 
interrogate concentrations without the use of IMS.  This work is not intended to replace IMS but to improve 
training to obtain better results with IMS.  While work by others has been conducted to determine materials 
which aid in the collection of explosive vapors, there has not been a signi icant effort to quantitatively deter-
mine the amount of explosives collected on materials that can be reasonably be expected to be exposed to 
explosives by a terrorist [10]. This work will also yield sticking coef icients for explosives in the vapor phase 
which have not been previously reported.

B. 2.  Determination of thermodynamic parameters of explosives based on optical methods 

The use of optical spectroscopy for determining thermodynamic coef icients was completely developed at 
Texas Tech [11, 12].  The only limitation to this work is that the compounds of interest must have an optical 
absorbance (from the infrared to the ultraviolet).  The biggest advantage to this technique is the amount of 
sample needed is on the order of an attogram, which is orders of magnitude less than that needed by TGA 
(mg) making the technique safer and more useful in forensic screening.

C. Major Contributions

C.1.  Mock heterogeneous materials

Fundamental research on material properties is important to the ALERT mission. For example, there is in-
terest in using the large void space created within the aerogels for collection/con inement of energetic ma-
terials to enhance sensitivity of explosives detection. For example Oak Ridge National Laboratory (ORNL) 
has developed a piezoelectric based explosives sensor [13]. One drawback on the ORNL piezoelectric senor 
is that that there is a limited surface area for the collection of explosive vapors.  We have been working with 
Thomas Thundat (now at University of Alberta) to incorporate the piezoelectric aerogels into his microcan-
tilever detection scheme which increases the surface area 10 fold.
We have also exploited the aerogel synthetic methods to prepare high surface area nitrocellulose composites.  
This work is focused on how various ionic strength (solvents) in luence the inal morphology (see Fig. 5 on 
the next page).  Therefore, it is now possible to study how the thermodynamic properties of energetic mate-
rials vary based solely on heterogeneity.
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C.2.  Determination of thermodynamic parameters of explosives based on optical methods

We have provided experimental evidence for the diffusivity of PETN, RDX and HMX which agrees with theo-
retical values in the literature.  Way Fountain (Edgewood Chemical Biological Center) had commented that 
“this data will go a long way to improve detection strategies” when it was irst presented.

D. Milestones

D.1.  Mock heterogeneous materials

Within the next year, we expect to have X-ray data on texture from the metallic-based aerogels. The future of 
the metal-based aerogels will be dependent on the needs of other ALERT thrusts/customers where we can 
synthesize compounds with speci ic z numbers and densities to improve detection algorithms.  

D.2.  Determination of thermodynamic parameters of explosives based on optical methods

Through the summer of 2015, we expect to have completed the mixtures of ferrocene/benzoic acid analysis 
for composite mixtures using Beer’s law.  Once the data is validated, we will move into binary mixtures of 
explosives. This year, we intend to complete the absorbance data on various substrates using TNT.  We are 
hoping to have a more complete dataset with statistical analysis for p values of the various substrates in the 
next year.

E. Future Plans

E.1.  Mock heterogeneous materials

A patent is expected to be submitted on the unique properties of the metallic aerogels in Year 3.  We are 
expecting to transition the detection of explosives based on piezoelectric and magnetic properties in FY16/
FY17 (Year 4).  We anticipate providing mock materials to thrust 3 groups (Rappaport) for Advanced Imaging.
Future plans on the nitrocellulose aerogels will be to determine how the thermodynamics, kinetics and sen-
sitivities are effected by heterogeneity.  Initial work on rates of combustion have been conducted and thermal 
analysis is underway.  In the next year of this project, we anticipate that we will be determining the sensitivity 
of the nitrocellulose aerogels by dropweight and laser ignition.  The material is being considered for studies 
as caseless ammunition for Army small arms.  An invited proposal was submitted to the DoD Ordnance Tech-

            (A)       (B)

Figure 5: SEM showing hierarchical structures for nitrocellulose aerogels in Ethanol (A) and Propanol (B).
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nology Consortium in July 2015. The graphene work is complete under ALERT and is expected to transition 
to an NSF proposal this year.
Collection of explosive vapors on substrates, future years’ work will focus on obtaining a sticking coef icient.  
We will also collect data on other explosives to include HMEs and construct a database of materials vs. explo-
sives to aid in training. 

E.2.  Determination of thermodynamic parameters of explosives based on optical methods

The future plan with this project is to be able to use optical spectroscopy to identify thermodynamic multi-
component explosives.  Since many HMEs have multiple components, this technique will provide useful data 
on both detection and characterization. We are also interacting with companies (TA Instruments, Innosense 
LLC) on the commercialization of this technique but no timeframe has been determined.

III. EDUCATION AND WORKFORCE DEVELOPMENT ACTIVITY

All the educational and outreach activities are unfunded at Texas Tech and are primarily ad-hoc.  We have 
hosted workshops for local bomb squads in the chemistry department every biennium. The last program was 
in June 2014 where the interest was how TATP was synthesized.  This workshop stemmed from the discovery 
of TATP in multiple drug raids in the state of Texas where TATP was also found inside the residence.  The irst 
responders were shown how the chemicals were synthesized in our labs, shown methods on determining 
if compounds should be considered primary explosives (hammer test, lame test, etc.) and used milligram 
quantities for dog training within a complex matrix (chemistry building). 
Previous activities have been with bomb squads and the ATF on the Texas Tech explosives range in Flomot, 
TX in 2012.  We have offered short courses every 2 years and anticipate offering another in 2016. Previous 
courses were ‘Training First Responders on TATP’ and ‘Hands on Explosives Training.’  
In the summer of 2014, we hosted two undergraduate students from Puerto Rico.  The students were fund-
ed by the university from internal funds.  These students worked on the optical methods for determining 
thermodynamic properties. An ALERT funded undergraduate from 2013 (Jennifer Hewitt – Duke University) 
joined the PhD program at Texas Tech.  We also maintain collaborations from previous DHS MSI faculty from 
Southern University and Eastern New Mexico University.  For example, Dr. Juchao Yan from ENMU is still 
involved in the synthesis of aerogel materials.  He has set up facilities in his own lab to synthesize aerogels 
and has included these learned technologies in the classroom. He has access to facilities at Texas Tech includ-
ing the library, imaging and X-ray characterization.  Although the DHS-MSI program he was funded under is 
complete, it has allowed him and his students continued access and exposure to equipment and facilities not 
available at their home institution.
The inal outreach program we were involved in was the Get Excited About Robotics (GEAR) program (http://
gearrobotics.org/), which was created to foster interest among today’s youth in  careers in engineering, sci-
ence or technology.  The program is hosted at ive locations across the state of Texas with approximately 100 
teams competing.  The program is aimed at elementary through middle school students, where they use Lego 
robots to complete speci ic tasks.  In 2015, the theme was Pyromania and the students had to construct ro-
bots to safely set-up a mock ireworks program.  Dr. Weeks was invited as a keynote speaker for the kick-off 
event where the students are introduced to the competitions theme.  The presentation was focused around 
how ireworks function and the positive impact of explosives on their daily lives. 
Videos of the actual GEAR event can be found at: http://www.depts.ttu.edu/coe/stem/gear/photos.php
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IV. RELEVANCE AND TRANSITION

A. Relevance of Research to the DHS Enterprise

The primary challenge related to homeland security is to improve ef icient detection of explosives, including: 
1. Improving the detection via X-ray by being able to use texture to better screen for illicit explosives. 

We have developed mock materials with textures from the micro to the nanoscale. We can control 
the overall density (0.01 to 3g/cc) and atomic z-number from 6-39 at present.

2. Understanding what controls heterogeneity in explosives and how heterogeneity in luences the 
thermodynamic and kinetic properties of explosives.  Experiments have shown that we can mod-
ify the heterogeneity of energetic materials through deposition lux (vapor phase detection) and 
solvent/chemical processing.  Kinetic and thermodynamic parameters of explosives have also been 
investigated in previous years. This year, we anticipate obtaining initiation sensitivity data.

B. Potential for Transition 

Our early work within ALERT resulted in a patent application for high energy ionic polymer based explosives.  
LLNL is currently holding the patent rights and is working with potential commercialization partners.  The 
experiments on optically determining thermodynamic and kinetic parameters by thermal analysis is under 
consideration by a potential commercialization partner (e.g. TA Instruments).

C. Transition Pathway

Transition of any intellectual property must adhere to the Texas Tech Of ice of Commercialization. A dedicat-
ed of ice staff handles all IP issues and faculty are not directly involved to eliminate any potential con lict of 
interest.

D. User Connections

• Michael Shlesinger, ONR 301
• Project to determine the effects of weak energy on energetic materials.

• Maqsood Mohammed, USAF AFMCMC, Eglin
• Project to determine the effect of particle shape on microwave heating of organic energetic materials 

and metallic based energetics.
• Corey Selman, InnoSense LLC, Torrance, CA

• Commercialization of a disposable outgas sensor for energetic materials stability and aging for the 
Missile Defense Agency based on technology at TTU and InnoSense.

• STTR proposal is under review.
• Way Fountain, USARMY ECBC

• Expressed interest in diffusivity data for sensor development.

V. PROJECT DOCUMENTATION

A. Peer Reviewed Journal Articles

1. X. Zhang, K.S. Zeimer, K. Zhang, D. Ramirez, L. Li, S.R. Wang, L.J. Hope-Weeks and B.L. Weeks ‘Large-Ar-
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ea Preparation of High-Quality and Uniform Three-Dimensional Graphene Networks Through Ther-
mal Degradation of Graphene Oxide-Nitrocellulose Composites’ ACS Applied Materials & Interfaces, 
7 1057 (2015) http://pubs.acs.org/doi/full/10.1021/am508909h

Pending -
1. X. Zhang, K.S. Zeimer, and B.L. Weeks ‘Combustion Synthesis of N-Doped Three Dimensional Graphene 

Networks’ To be submitted.

B. Peer Reviewed Conference Proceedings

1. X. Zhang and B.L. Weeks ‘Improved Thermal Stability and Reduced Sublimation Rate of Pentaeryth-
ritol Tetranitrate Through Doping Graphene Oxide’ North American Thermal Analysis Annual Meet-
ing, Santa Fe, NM (September 14-17, 2014)

C. Other Conference Proceedings

1. W. Hikal and B.L. Weeks ‘Estimating Vapor Enthalpies of Sublimation by rising Temperature Absor-
bance Spectroscopy’ North American Thermal Analysis Annual Meeting, Santa Fe, NM (September 
14-17, 2014) – Presentation only

D. Other Presentations

1. B.L. Weeks ‘Explosives Impact on our Daily Lives’ West Texas GEAR Robotics Presentation, Lubbock, 
TX, (2015).

2. B.L. Weeks ‘Applications of probe microscopy – high resolution lithography, sensors and energetic 
materials’ University of Alabama Huntsville, (2015).

E. Student Theses or Dissertations

1. Xin Zhang ‘Fabrication and Characterization of Mico or Nanoscale Organic Energetic Materials’ PhD 
December 2014

F. New and Existing Courses Developed and Student Enrollment

New or 

Existing

Course/Module/

Degree/Cert.

Title Description Student                    

Enrollment

New Course Training First Responders 

on TATP

Course held in Lubbock for bomb 

squads to understand how TATP 

is synthesized (June 2014)

19

G. Requests for Assistance/Advice

1. From Federal/State/Local Government
a. Multiple requests each year are associated with local bomb squads on identi ication or handling 

of explosives.  Main contact is Lt. Chris Eppler, Lubbock Sheriff ’s Department. 806-549-8038 
Continuous interaction.
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