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INTRODUCTION

The Center for Laser Applications (CLA) at the University of Tennessee Space Institute was established
in 1984 as a state funded Center of Excellence to provide outstanding capabilities in research, education,
and technology transfer in the area of laser applications. CLA began as an active multi-disciplined and
collaborative research group at UTSI with expertise and significant industrial and university-based experience
in phenomena related to the interactions of lasers with gases, liquids, and solids. The diverse background of
the faculty and staff and the strong mission-related research programs of CLA provide a blend of applied
and basic research that is unusual for universities.

MISSION STATEMENT

The CLA mission is to advance laser applications in spectroscopy and materials synthesis. We
pursue our mission in three areas:

1) Education

- Provide a quality education
- Generate opportunities for undergraduate and high school student research

2) Innovation
- Develop a world class reputation for research and innovation
3) Service

- Assist businesses in development and implementation of technology
- Increase interest in STEM areas, i.e. support science education for local students and teachers

Focus AREAS

The focus of the mission-related research programs of the Center is the application of lasers and
associated technology to bio/nanophotonics, materials science, laser materials interaction, laser spectroscopy,
and non-equilibrium fluid physics. These focus areas of specialization were selected to correspond to known
areas of scientific and engineering challenges and to areas of development and regional and national needs.

e Lloyd Davis - single-molecule detection, spectroscopy and control; micro/nano fluidics
* Ying-Ling Chen - vision research and modeling of human vision systems

* William Hofmeister and Lino Costa - devices for cellular chemotaxis

* Jacqueline Johnson - storage phosphor materials dental imaging

e Christian Parigger - photo-acoustic imaging, diagnostics and applications

e Feng-Yuan Zhang - MEMS/NEMS, micro/nano fluidics
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«  William Hofmeister - solidification, direct metal deposition, and femtosecond nano-structuring of materials
» Lino Costa - phase transformations, laser cladding, and modeling of direct metal deposition

e Lloyd Davis - quantum dots, micro and nanofabrication of amorphous and crystalline materials

e Christian Parigger - laser-induced materials physics

* Jacqueline Johnson - nanoparticles for medical theranostics

e Charles Johnson - Mossbauer spectroscopy

e Lee Leonard - glasses and glass ceramics for radiographic imaging and dosimetry

* Feng-Yuan Zhang - corrosion control and protection, 3D printing/additive manufacturing

e Lino Costa - laser cladding and femtosecond laser machining

e William Hofmeister - direct metal deposition and femtosecond nanostructuring of materials
e Trevor Moeller - laser ablation dynamics and modeling of laser ablation for space propulsion
e Lloyd Davis - femtosecond laser processing of diamonds and glass devices

e Christian Parigger - laser-induced ablation physics

e Feng-Yuan Zhang - micro/nano manufacturing multifunctional materials

e Christian Parigger - ultrasensitive spectroscopy and combustion diagnostics

e Lloyd Davis - single-molecule and ultrafast spectroscopy, Raman and fluores-
cence spectroscopy

* Ying-Ling Chen - combustion diagnostics

e Feng-Yuan Zhang - Tomography, Diode-laser absorption spectroscopy, thermog-

Advanced Manufacturing by raphy
Laser Additive Fabrication

*  Ying-Ling Chen - models of very small particulate growth in ocular lens and optical detection of
early stage cataracts in humans

e Lloyd Davis - physics of non-equilibrium femtosecond laser-induced plasmas

e Trevor Moeller - plasma dynamics and combustion

e  Christian Parigger - laser-plasma physics, combustion and fluid physics, and computational physics

* Feng-Yuan Zhang - hypersonic flow and reaction, electrochemical reaction
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PERSONNEL

Dr. Brian Canfield (Ph.D. in Physics, Washington State University) contributes to
a wide range of CLA’s research projects in applied and non-linear optics, especially
femtosecond laser materials processing, including fabrication of microfluidic and
nanofluidic systems, and the development of experimental systems for ultrasensitive
fluorescence detection, including single-nanoparticle trapping and tracking for
biotechnology applications. Recently, Dr. Canfield designed and built optical systems
for femtosecond machining with adjustable aberration correction, and for forming
a very-high aspect “Bessel beam” focus for rapid machining of columnar electrodes
within synthetic diamonds, to study their use in radiation-hardened detectors for next-generation high-energy
particle physics experiments.

Ms. Kathleen Lansford (B.S. in Engineering, University of Tennessee, 1998), provides
UTSI Faculty, Staff and Students with training and support on the operation of
various advanced characterization instruments, including optical and scanning electron
microscopes, EDAX, and optical profilometry. In addition, she routinely carries out
or supervises work on testing the fatigue, wear, erosion, and corrosion resistance
of materials, as well as metallographic preparation and characterization of samples.
Ms. Lansford also has experience in several electrochemical techniques and in Laser &
Induced Surface Improvement (LISI) processing.

Bob has a M.S. in Chemical Engineering. Prior to coming to the University of
Tennessee Space Institute, he worked in research and technology development at
the Arnold Engineering Development Center (AEDC) for almost 30 years. Here,
he was involved in rocket plume research, including plume mixing, afterburning,
and radiation. He was also involved in some of the first studies of supersonic
combustion made at AEDC. For the past 22 years, he has worked at UTSI on a
- variety of problems including arcjet and pulsed plasma thrusters, inductively coupled

R F plasma devices, railguns, cableguns, and plasma opening switches. In conjunction
with this work, he has developed an expertise in the thermodynamic and transport properties of non-ideal
plasmas. In both the work at UTSI and AEDC, he has also developed extensive experience in modeling
chemically reacting flows using finite rate chemical kinetics. Most recently he has been working on the analysis
of a magnetohydrodynamic generator and on the thermal analysis of probes for high enthalpy flows.

Alexander has a M.S in Physics from Moscow State University and M.S. in
Materials Science from the University of Illinois Urbana-Champaign. Mr. Terekhov
is responsible for maintaining the Laser Systems, Laser Safety, and other technical
hardware at CLA. Alexander is a co-author on many scientific papers in a variety
of fields and is the most cited author of all the staff at UTSI.
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Doug is a United States Air Force veteran and has an Associate’s degree in Applied
Science from Motlow State Community College and the Community College of
the Air Force. He also has a diploma from the Tennessee College of Applied
Technology-Shelbyville in Industrial Maintenance. Doug takes care of the physical
plant of CLA and is an expert in HVAC and facilities operation. The many vacuum
¥ systems, Class 1000 clean room, and Phillips x-ray machine are all maintained by Mr.
\ Warnberg. If you need a hand with any task Doug is always there to help.

COLLABORATIONS

A significant fraction of the research and development program of the Center is supported by state,
regional, and national industries. CLA actively collaborates with the Center for Industrial Services to provide
studies for Tennessee industries, and CLA has also formed long-term research partnerships with regional and
national industries. Supplementing these activities are research programs sponsored by the traditional federal
agencies, the National Institutes of Health, the National Science Foundation, and National Laboratories
at Oak Ridge and Albuquerque, over and above numerous collaborations with national and international
Universities, and the nearby Arnold Engineering Development Center. These diverse research activities, an
attractive student-to-faculty ratio, and outstanding facilities, combine to offer an unusual apprenticeship
experience for diligent graduate students.

GRADUATE STUDENTS

Please congratulate our recent degree recipients listed below...

* Aerospace Engineering

David Schwer, MS Dr. Trevor Moeller
Stuart Steen, MS Dr. Feng-Yuan Zhang
Samuel Stephens, MS Dr. Trevor Moeller
Jonathan Lemieux, MS Dr. Trevor Moeller
William Schuman, MS Dr. Trevor Moeller
* Biomedical Engineering
Lee Leonard, Ph.D. Dr. Jackie Johnson
Jason Hah, MS Dr. Jackie Johnson
* Engineering Science
Jorge Parra Martinez, MS Dr. Trevor Moeller
Chance Johnson, MS Dr. Trevor Moeller
* Mechanical Engineering
Densu Aktas, Ph.D. Dr. Trevor Moeller
Paul Wright, MS Dr. Trevor Moeller
William Barnhill, MS Dr. Feng-Yuan Zhang
Joshua Coughenor, MS Dr. Trevor Moeller
William Stevens, MS Dr. Trevor Moeller
*  Physics

Bobby Wimberly, MS Dr. Christian Parigger
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OUTREACH AND ENRICHMENT PROGRAMS

Science, Technology, Engineering, and Math (STEM) education is one of the hottest education
initiatives in the country. It is a way of thinking and learning that is meant to keep students on the cutting-
edge of scientific engineering processes, embedded technology, and math skills. In July 2015, UTSI expanded
its outreach program by taking STEM into the community and participating with schools on a variety of
STEM related enrichment programs. During the 2015-2016 school year over 5000 students participated in
enrichment activities with the students, faculty, and staff of UTSI.

Below are just a few of the outreach programs that UTSI had the opportunity to work the past year.

UTSI and the Arnold Engineering Development Complex (AEDC) STEM Programs, along with the
American Institute of Aeronautlcs and Astronautics (AIAA), sponsored Reach for the Stars National Rocket
- Competition where middle-school aged students built and launched
solid-fuel powered model rockets as part of a national spot landing
contest. Reach for the Stars, j \
a national competition, was
created by the Christa McAuliffe
Challenger Learning Center in
Sarasota, Florida. Each participant
received a certificate with artwork
by Alan Bean, astronaut and
moonwalker from Apollo 12. The
' winners from each state earn the
Figure 1— Commander Col. Rodney Tordaro right to compete for the national
)slggr\:\gnsg;ttfggnTst rocket he launched as a title at the US Space Camp in
' Huntsville, AL.

Figure 2—Students build their own solid
fuel powered rockets.

The science club at Westwood Middle school received a grant to construct a
solar tree in the outdoor learning classroom. The solar tree blends art and solar energy
technology in a sculptural expression and are both artistic and functional clean energy

~ machines. The term “solar tree” has been
used to describe a variety of structures
incorporating solar energy technology on a
single pillar (like a tree trunk). Solar trees
are cool and great for an outdoor learning
classroom. This particular solar tree will
provide twelve charging stations for the
students to recharge cell phones, laptops
: /e and iPads. UTSI provided assistance with the
\F/I\?eLfégl‘,?’firl])iSel’?gsls n'}"(«;iufr?{'i"ﬁgUtThSe' design and construction of the solar tree rigure 4—wWes McMinn, retired
“branches” on the solar tre. with resources available on campus.  The engineer from UTSI, assisted with

solar tree will be planted in the fall of 2014. the design of the solar tree.

UTSI coached a FIRST LEGO League team consisting of fourth and fifth grade students from East
Coffee County Elementary School. The LEGO Group created a powerful program that helps young students
discover the fun in science and technology while building self-confidence, knowledge, valuable employment,
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and life skills. The league is a robotic program developed for youth ages
9-16. The work is programming an autonomous robot (using the LEGO®
MINDSTORMS® robot set) to score points on a thematic playing surface,
creating an innovative solution to a problem as part of their project.

Figure 5—Elementary school students work together to build the Lego tech challenge work station.

UTSI formed a collaboration with Tennessee Technological University
(TTU) this past year and was instrumental in bringing the TTU STEMmobile
to Coffee and Grundy County High Schools and West Middle School in
o Tullahoma, TN for outreach
mp I‘*‘m programs. While alternative energy
. = experiments were being conducted
on the 53 classroom on wheels,
Finch robot activities and straw
rockets competitions were being
held elsewhere in the schools. AP
The STEMmobile is stocked with Figure 7—Students explore aJternatlve
equipment from the TTU Oakley gﬂgﬂ%’s sources and plot data for
) ) ) ) —— STEM Center and includes iPads,
g%g';gm?; TJvﬁ:reSLEm?&tgleéanAex?)%releasrﬂliv\% hand-held data collection devices, and other standard STEM
related science projects. instructional materials to make each engaging activity challenging
and rewarding.

UTSI, in conjunction with AEDC, utilized the award winning Fly
to Learn software. The curriculum was developed for grades 6-2 and |
teaches STEM topics using an aviation theme. Students fly virtual aircraft
to study science concepts such as energy/forces and modify existing
aircraft designs to improve aircraft performance and learn the engineering
process. Students use math and graphs to predict performance and
make informed design decisions. Upon course completion, students are

eligible for an actual flight in a glider with an instructor pilot. Figure 8 — An eighth-grade student is virtually
flying an airplane.

Along with the support of the Center of Excellence funds, UTSI has secured funds from the local
United Way with a $25,000 grant to take STEM programs to every school in Coffee and Moore Counties.
The LaunchTN initiative was created to connect rural and underserved populations with entrepreneurial
education, tools, and resources. Afterschool science programs will be taken to all the elementary schools,
the STEMmobile will be provided for a week of enrichment activities at the middle schools, and seminars and
pitch competitions will be held at all the high schools with an opportunity for the students to win scholarship
dollars.

A grant from ThreeStar was also provided by Coffee County to develop a solar observatory that
will track the sun and provide live-feed images of the sun to a website that will be available to the public.
Educators and students will be able to capture images of the sun and use them in the classroom or after-
school clubs to track sunspots and other solar activity. It will provide a good tool for people of all ages to
safely view the eclipse, especially those outside of the eclipse path.

UTSI has a unique name, a unique opportunity, and a responsibility to encourage and provide
enrichment opportunities to our future leaders. UTSI plans to do everything possible to promote STEM
careers in our new future leaders.
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RESEARCH ACCOMPLISHMENTS AND
FIVE YEAR BENCHMARK

Qur research mission is growing. The funding provided by the Tennessee Higher Education
Commission, coupled with support from the university, provided valuable leverage for sponsored research.
The research awards continue to increase. This growth is possible because of the dedication of our faculty
and the support of THEC and UTSI.

CLA remains active in Outreach and Business Development. The faculty are active in scientific
conferences and local business meetings. Productivity among Center faculty has been outstanding during
the last five year period. During fiscal years 2012 through 2016, Center faculty published 101 peer-reviewed
articles, 7 books and presented at 236 regional, national, and international meetings.

COMPARATIVE SUMMARY
OF ACCOMPLISHMENTS

Benchmark Data FY 2012-2016 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Cumulative

Publications

Peer-reviewed articles 101 17 18 20 33 13

Book or book chapters 7 0] 0] 2 3 2

Presentations

International 34 9 5 3 4 13

National 202 54 41 40 30 37

Research Awards

External funding received $2,719,763 $278,700 $608,143 $763,069 $603,580 $466,271

THEC State Appropriations $4,164,464 $858,064 $824,380 $845,102 $833,564 $816,564

Research expenditures $3,948,261 $1,205,258 $896,901 $666,070 $529,716 $651,016

FUTURE DIRECTIONS

We have built a vibrant multi-disciplinary research team broadly working in photonics, biophotonics,
spectroscopy, laser materials interactions, plasma and non-equilibrium physics, fluid physics and computational
modeling. These efforts will continue. Moving forward, the goal of CLA will be to involve more of the
UTSI/UTK faculty and students in research using our laboratory resources. Laboratory space is one of
CLA’s greatest assets and in the future we will work to make use of the facilities for more multidisciplinary
investigators. Our efforts will be focused on utilization of assets, both human and physical, to better serve
the citizens of Tennessee.
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Institution: UT Space Institute

CLA BUDGET

Center. Center of Laser Applications

FY 2015-16 Actuals FY 2016-17 Proposed FY 2017-18 Requested
Matching | Appropr. Total Matching Appropr. Total Matching | Appropr. Total
Expenditures $492,186 | $900,826 | $1,393,012 $450,215 $886,360 | $1,336,575 | $423,295 | $843,522 $1,266,817
Salaries
Faculty $125,883 | $203,989 $329,872 $125,000 $105407 |  $230,407 $128,750 |  $108,569 $237,319
Other Professional $15,085 | $186,656 $201,741 $16,000 $306,976 $322,976 $16,480 | $307,000 $323,480
Clerical/ Supporting $17,489 | $54,446 $71,935 $17,500 $67,155 $84,655 $18,025 $67,155 $85,180
Assistantships $88,755 $88,755 $88,000 $40,262 $128,262 $90,640 $41,470 $132,110
Total Salaries $247,212 | $445,091 $692,303 $246,500 $519,800 | $766,300 | $253,895 | $524,194 $778,089
Longevity (Exclude from Salaries and $4,022 $2,529 $6,551 $6,000 $5,990 $11,990 $6,180 $6,170 $12,350
include in Benefits)
Fringe Benefits $81,028 $141,787 $222,815 $84,000 $165,530 $249,530 $86,520 |  $170,495 $257,015
Total Personnel $332,262 | $589,407 $921,669 $336,500 $691,320 | $1,027,820 | $346,595 | $700,859 $1,047,454
Non-Personnel
Travel $10,249 $21,847 $32,096 $11,000 $15,000 $26,000 $11,000 $10,000 $21,000
Software $0 $0 $0
Books & Journals $0 $0 $0
Other Supplies $9,891 $70,214 $80,105 $2,000 $80,000 $89,000 $2,000 [ $57,000 $66,000
Equipment $77,25 | $176,600 $253,725 $30,000 $54,881 $84,881 $22,000 | $40,000 $62,000
Maintenance $2,953 $1,867 $4,820 $4,000 $4,188 $8,188 $3,000 $2,531 $5,531
Scholarships $54,615 $54,615 $54,615 $33,132 $87,747 $30,000 $33,132 $63,132
Consultants $0 $0 $0
Renovation $0 $0 $0
Other (Specify): $0 $0 $0
Prof Services and Memberships $732 $459 $1,191 $800 $500 $1,300 $200 $200
Media Processing $541 $2,002 $2,543 $500 $500 $1,000 $500 $500
Communication $1,448 $1,839 $3,287 $1,000 $1,839 $2,839 $1,000 $1,000
Rentals & Insurance $242 $4,939 $5,181 $300 $5,000 $5,300 $0
Contractual and Special Services $2,128 $31,651 $33,779 $2,500 $2,500 $0
Total Non-Personnel $159,924 $311,412 $471,343 $113,715 $195,040 $308,755 $76,700 |  $142,663 $219,363
GRAND TOTAL $492,186 | $200,826 | $1,393,012 $450,215 $886,360 | $1,336,575 | $423,295 | $843,522 $1,266,817
Revenue
New State Appropriation $816,564 $816,564 $803,354 $803,354 $843,522 $843,522
Carryover State Appropriation $167,267 $167,267 $83,006 $83,006 $0
New Matching Funds $492,186 $492,186 $450,215 $450,215 |  $423,295 $423,295
Carryover from Previous Matching $0 $0 $0
Funds
Total Revenue $492,186 | $983,831 | $1,476,017 $450,215 $886,360 | $1,336,575 | $423,295 | $843,522 $1,266,817
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VisiON ScieNCE RESEARCH

Research Assistant Professor of Physics
PhD, University of Tennessee Space Institute

Professor Chen’s biophysics vision research utilizes her background in laser- and optical-physics to the study
of the complex system of the human eye. Her research interests and external support are illustrated in the two
figures:

The first is the computational endeavor Applications of eye modeling:

to develop analytical ‘models of the 'lmperfect # Predict ophthalmic measurements for instrumentation
eye. The models then serve as the basis for the

design and deployment of expert system-based (funded by NIH & Swift-Info Tech.) & medical education

diagnostics of large populations. For example, she # Virtual clinical trial with digital eye bank: design

is currently contracted to investigate the feasibility instrument with eye models in normal & diseased eye
of combining the use of sub-micron particulate conditions : no human harmed. (funded by NIH)

spectroscopy with age- and population-corrected
eye modeling to produce cataract eye models
that can be used for early cataract detection. This
project will determine the feasibility of using a
comparatively simple optical method to detect the
formation of cataract, which is needed to respond
to emerging treatment non-surgical options for
this disease. This simulation capability will guide the
optimal design of a low-cost device to approach the _ i . _
high-sensitivity detection. ' BTN A Wportucion & Diskhoth Ratiaoymtior

The second figure illustrates the ocular
instrumentation work followed by Dr. Chen’s three US patents. The purpose of this technology is to obtain and
assess ocular information automatically while the examinee watches a short animation in his/her natural viewing
condition. Currently Professor Chen
Dynamic Ocular Evaluation System (DOES)  UT patented | is developing collaborations with
research groups in the Brain Institute
and Eye Institute of Vanderbilt

Purpose: Evaluate ocular health, binocular vision University to investigate the DOES

30, development, and even mental problems application of detecting mental
“"“"“I (ADHD, Autism, Dyslexia, PTSD, mild brain problems such as post-traumatic
-}hhﬂ trauma, etc.) , while the children watch a stress  disorder, dyslexia, and
. cartoon or play a computer game. physical/ emotional abuse through
the ocular response and the hand-

# Friendly: No dilation (eye drop) or eye-stimulus interaction.

cooperation is needed.
» Automatic : Computer real-time diagnostics
» Digitally record (supported by UTRF)
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MATERIALS SciENCE RESEARCH

Research Assistant Professor of Materials Science and Engineering
PhD, Instituto Superior Tecnico, Universidade Tecnica de Lisboa

Dr. Lino Costa joined UTSI during the fall of 2005 as a research associate and became a research assistant professor
during the fall of 2010. He holds a Ph.D. degree in Materials Engineering from Instituto Superior Tecnico, in Lisbon
Portugal, with a dissertation on finite element modeling of laser powder deposition of tool steels. Dr. Costa has contributed
to the advancement of various laser materials processing techniques, including laser powder deposition applied to additive
manufacturing, laser induced surface improvement (LISITM] for development of wear and corrosion resistant surface
coatings, and femtosecond laser micromachining for fabrication of microfluidic lab-on-a-chip devices for biomedical research
applications.

Dr. Costa also uses
femtosecond laser machining to
form arrays of mil-deep surface
nanopores on fused silica or acrylic
wafers. These surface patterned
wafers are wused as polymer
nanofiber fabrication templates.

Pre-placed powders

1- Polymer-sobvent 2 - Salvent allowed
cast on template to dissipate

LISI™ layer Cell migration area adjacent te cell delivery port
= E

Hardness distribution (HV) of : ; Detail of a microfluidic device — ronmersonen olymes im

AISI 420 tool steel thin Wal? built tCrreiEI[stléLStliO%oag[lgg ofrc%lggléwag used to carry out chemotaxis  *= o

using Laser Powder Deposition, .Jrocio~"anq wea? resistant €xperiments ~and  fabricated e —= [ daldlii i

calculated using a thermo-kinetic on a fused silica chip  using |

finite element model. surface. femtosecond laser machining. .
For thermoplastics, mil-long nanofibers are easily formed via hot-embossing, C" - T i

a process in which the polymer film is heated and pressed against the template fora ... m m\—t—f—‘f-

v T ¥ weenplate surlace — f o
brief period of time. Dasswind [ TITTTITNT Bl 11

The resulting individual nanofibers have

an average outer diameter of a few hundred Nanofiber covered polymer film formed by
nanometers and, depending on the material, can replicating the surface of a femtosecond
exhibit lengths ranging from a few micrometers up laser machined template starting from a
to 75 micrometers. This patent pending technology —Plymer-solvent solution.
(application number US 13/769,575), assigned by
the UT Research Foundation to Ultra Small Fibers, LLC, has numerous applications. The
potential use of these nanofibers as cell culture substrates was recently reported in the
Journal of Biological Engineering, the result of the collaborative work between UT Space
: : : Institute and Vanderbilt University researchers. To further advance this line of work,
Scanning electron microscope image D, Costa is working with Professor Madhu Dhar, of the College of Veterinary Medicine
g‘;rpg'ﬁ(’py'e”e nanofibers. Scale 4 the University of Tennessee — Knoxville, who is interested in testing these materials

' in animal models. The fabrication of arrays of nanofibers composed of semiconducting
compounds, and their use in photovoltaic applications, is also being explored in collaboration with Professor Amit Verma,
of Texas A&M University — Kingsville, Dr. Mo Al-Hashimi, of Texas A&M University at Qatar, and Professor Bin Hu,
of University of Tennessee — Knoxville.

In the past year, Dr. Costa received funds from Ultra Small Fibers, LLC, to provide nanostructured prototypes. Dr.
Costa also received funds from International FemtoScience, Inc, to conduct exploratory trials on nanodiamond processing.
The success of this preliminary effort led to a subsequent award that is currently active. Dr. Costa is also exploring novel
ways of using activated carbon materials in electrical storage systems, in collaboration with Micron Corporation. An award
to advance this line of work is currently pending final approval.

13
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ULTRASENSITIVE SPECTROSCOPY

B. H. Goethert Professor of Physics

PhD, University of Auckland, New {ealand

Center for Nanophase Materials Science User at ORNL
Visiting Researcher at Vanderbilt University

Since joining CLA in Spring 1985, Dr. Davis has striven to make important contributions in a range of applied
optics and laser application areas. His group is currently working in a number of subfields, including ultrasensitive detection
and spectroscopy, ultrafast laser phenomena, nanophotonics, biotechnology, micro/nano-fluidics, and femtosecond laser
materials processing. Most of the projects build on Davis’s pioneering work in single-molecule spectroscopy, including the
first experiment to detect a single fluorophore molecule in solution in the late 1980’s, and the first single-molecule detection
in a “lab-on-a-chip” device in the 1990’s. With funding from DARPA’s Control of Protein Conformations (CPC) program,
Davis’s lab developed novel techniques for feedback-driven trapping of single molecules in nano-fluidic channels (2008-2010);
and with a Biomedical Engineering grant from the NIH (2007-2011), parallelized single-molecule detection within an array
of microfluidic channels was developed for applications in high-throughput screening of pharmaceutical drug interactions.
These and other prior projects have contributed to the equipment and knowledge base for our ongoing projects.

In the past year, we continued research on an NSF-sponsored project with Vanderbilt on ultrasensitive spectroscopy
of nanoparticles for energy conversion applications. In this project, we demonstrated that individual, ultrasmall (2 nm) CdSe
quantum dots emit broadband/white light, and we combined ultrasensitive fluorescence measurements with atomic number
contrast scanning transmission electron microscopy to show how the atomic arrangements of individual quantum dots
impact their fluorescence emission properties.

Also in the past year, we performed experimental and computational studies of single-molecule recycling in a
nanochannel by alternating the fluid motion along the channel using real-time control. Recycling reduces a molecule’s
photobleaching and prolongs the duration over which it may be observed. With doctoral student B. Wang, we developed
a maximum-likelihood method for measuring the diffusivity of a molecule from fluctuations in the recycling times. In
pharmaceutical drug discovery, molecular interactions can be probed by the slow-down in the diffusivity of a molecule
when it binds to a larger biomolecule. Also in the past year, doctoral student K. Dissanayaka joined the group and passed
his comprehensive exam with a research proposal on feedback-driven trapping of a single molecule in three dimensions for
applications in biotechnology.

Our prior DARPA CPC grant also provided some funding to help start CLA research in femtosecond laser materials
processing, initially for fabricating glass microfluidic devices for single-molecule spectroscopy. Over the past year, we have
continued to use CLA’s femtosecond laser facility for this purpose and for other projects. In particular, we made significant
progress in developing scalable methods for laser-fabricating micron-sized graphitic columns in diamonds. In collaboration
with Drs. S. Spanier and E. Lukosi (High-energy Physics and Nuclear Engineering, UT Knoxville), our goal is to make 3D
diamond detectors for use in high-energy particle physics experiments. Such experiments aim to advance our understanding
of how the universe works at its most fundamental level, by discovering and probing interactions between the elementary
constituents of matter and energy. Present DOE and international strategies for
enabling new discoveries depend on upgrading particle accelerators (such as the
LHC) to increase their flux, but radiation-hard diamond detectors will soon be
needed for scheduled upgrades. While other groups have shown femtosecond
lasers can make conductive electrodes in diamonds, the process has so far been
far too slow to be scalable for practical devices. However, over the past year, with
essential contributions from CLA staff member Dr. B. Canfield, we designed and
developed a novel system that enables very rapid writing of high-aspect micron-
diameter graphitic columns through 500-micron thick diamonds without moving
any components. We also developed a procedure for the critical alignment of the
optical components, as depicted in the figure. In a rapid access CNMS user project
(CNMS2015-R0O1), we tested the system at Oak Ridge with higher pulse energies
than those available in the CLA, and we determined desired pulse energies for
future experiments. More recently, with essential help from CLA staff member A.
Terekhov, we completely rebuilt the CLA femtosecond laser machining facility on

Use of a green laser for critical alignment of . . . .
optical components for high-speed femtosecond ~ a larger optical table in order to install a new high-pulse energy femtosecond laser

laser machining of diamond. alongside our previous lasers.
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MOGSSBAUER SPECTROSCOPY

Research Associate, UTSI

Adjunct Professor of Physics

Emeritus Professor of Physics, University of Liverpool, England
M.A., Oxford University, England

D. Phil., Oxford University, England

Charles Johnson does research on materials and chemistry using Mbssbauer spectroscopy.

A detailed study has been made nanoparticles of iron oxide. These particles are used in medicine for drug
delivery and destruction of tumors and as contrast agents for Magnetic Resonance Imaging (MRI) (see Figure 1). The
most common oxide is Fe,O, (the mineral magnetite) but when it is prepared in fine particle form they very easily
oxidize to y-Fe,O, (maghemite) which is less magnetic. It is therefore important to be able to analyze the nanoparticles.
The two oxides have the same crystal structure so give the same x-ray diffraction pattern, but Mbdssbauer spectra
can distinguish them. They show that our samples are mainly Fe,O,. Particles with diameters smaller than about Il nm
containing only about 1,000 atoms are superparamagnetic with giant magnetic moments of up to 10,000 times that
of a single atom. Their Mbéssbauer spectra show only a single broad line, because rapid spin fluctuations average the
magnetization to zero. This so-called motional narrowing is the basis of contrast agents for enhancing MRI images. If
injected into the blood stream they increase the relaxivity of the protons which give the NMR signals and this results
in sharper images. We have studied smaller particles (5.3 nm) which fluctuate even faster and have a relaxivity which
is higher than that previously reported by other workers. This shows that our particles are well separated and do not
interact magnetically with other particles, i.e. they are not clumped which is confirmed by electron microscopy. These
results have promise for the future development of MRI contrast agents.

Because of their giant magnetic moment, superparamagnetic nanoparticles can be magnetized to saturation
even at room temperature in relatively small magnetic fields of a few kilogauss. To put this into perspective a normal
paramagnet would require over 1000 kilogauss, and the largest magnet in the world is the 250 kilogauss solenoid at the
National Magnet Laboratory. We
have produced fields of 4 kilogauss
with permanent magnets made of
the alloy neodymium-iron-boride
and the photo (top left) shows the
assembly of a magnet which was
used to provide fields either parallel
or perpendicular to the direction of
the Mossbauer gamma-ray. We have
observed that the é-line magnetic
Mbssbauer pattern is restored by
the field which enabled the particle
magnetic moments to be measured
and hence confirmed the sizes
determined by electron microscopy.

A precontrast MRl image (left) compared to a
post-contrast MRI image (right). Note the
brain tumor that becomes more obvious.
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TRANSPARENT STORAGE PHOSPHOR
MATERIALS FOR DENTISTRY

Associate Professor

Mechanical, Aerospace and Biomedical Engineering (MABE)
B.Sc., University of Liverpool, England

Ph.D., University of Liverpool, England

Fellow of American Ceramic Society

Fellow of the Institute of Physics

The Johnson group has expanded its research in the past year. A new project titled “Designer Glass Ceramics” is
starting, funded by the National Science Foundation. This research creates special coatings for solar cells that increase the
amount of the sun’s energy that the cells can use, making them more efficient. The coatings also help reduce heating of
the solar cells, which wastes energy. These coatings can be used with currently-available solar cell materials, enabling more
attractive viability as a commercial product. The coatings may also be applied to light emitting diodes, helping control the

color of light over a wide temperature range.
16

Structural characterization of amorphous materials,
particularly glasses, using many different techniques, has always 12
been a specialty of the Johnson group. This year, Méssbauer
spectrocopy was used to study iron-rich calcium silicate glasses

quenched from melts made in an aerodynamic levitator. This is a E o8
containerless method and so the sample is free from interactions ¢
with solid surfaces, which can lead to the initiation of unwanted & 0.4
crystallization (Figure 1). The containerless method also enables 2
measurements to be done at very high temperatures—greater < 00-

than 2000 degrees Kelvin. These measurements are of particular
relevance to geological processes. Figure 2 shows how Mossbauer 0.4
spectrocopy clearly deliniates between ferric iron, which is
oxidized (black component/trivalent] and ferrous iron, which - . _ _ - _
is reduced (blue component/divalent). As the spectra go down, 10 5 0 5 10
the atmosphere during the quench is increasingly reducing, i.e.
contains less oxygen.

Velocity / mm s

Figure 1. T =293 K, °"Fe Mésshauer spectra for (Fe0), (CaSiO3),
glasses quenched from melts in different atmospheres. Vertical
offsets have been applied for clarity.

Other projects in the group include the synthesis of iron
metal nanoparticles for hyperthermia and magnetic resonance
imaging.

Dr. Johnson is on the advisory board for Neutron Sciences
at Oak Ridge National Laboratory and on the Fellows selection
committee at the American Ceramic Society, as well as two
award committees. She continues to review for the National
Institutes of Health, the National Science Foundation and
numerous journals. Dr. Johnson is grateful for the hard work
by graduate students, Jason Hah, Julie King and Adam Evans.

Figure 2. Aerodynamic levitation apparatus: a spherical sample is
floated on a gas stream which flows through the conical nozzle. The
sample is heated by a CO, laser and temperature is measured by
a pyrometer.samples.
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ADVANCED MATERIALS AND HARDWARE FOR
RADIOGRAPHIC IMAGING AND DOSIMETRY

Research Assistant Professor
Mechanical, Aerospace, and Biomedical Engineering (MABE)
PhD, University of Tennessee

Dr. Lee Leonard’s research interests include functionalized nanoparticles, glasses and glass ceramics, thin films,
dosimetry, and imaging techniques. Prior to his employment at UTSI, Dr. Leonard worked for twelve years as a project
and tooling engineer in the high pressure aluminum die casting industry. He recently served on a Major Research In-
strumentation panel for the National Science Foundation.

Dr. Leonard is currently developing luminescent glass and glass-ceramic materials for radiographic imaging and
dosimetry applications. The luminescent properties of these materials can be tuned by varying composition and pro-
cessing conditions. For example, the addition of elements with a high atomic number may result in the materials being
more responsive to gamma and x-ray radiation, while the incorporation of certain isotopes such as '°B or SLi makes the
materials more sensitive to neutron radiation. Dr. Leonard has developed both scintillators and storage phosphor materi-
als. Scintillators spontaneously emit visible light upon exposure to ionizing radiation. In contrast, storage phosphors do
not spontaneously luminesce during exposure and require optical or thermal stimulation to initiate emission.

Dr. Leonard is also collaborating with the University of Kent in the United Kingdom, providing binary glass
samples for x-ray and neutron diffraction experiments. The particular glasses being studied belong to the ZrF,-BaF, sys-
tem. These glasses are extremely difficult to synthesize due to their propensity to crystallize and the need for inert gas
processing. Gaining insight into the structure of these relatively simple glasses, will yield a better understanding of the
more complicated ZBLAN glass (consisting of the fluorides of zirconium, barium, lanthanum, aluminum, and sodium),
which has immense potential in fiber optics applications due to its high infrared transmission.

In addition, Dr. Leonard is working with Stony Brook University to develop hardware for radiography and
dosimetry applications. Current projects include the following: the reduction of dose in photostimulable phosphor
systems, new methods for measuring ionizing radiation, and advanced dual imaging in mixed radiation fields.

Figure 1 Photographs of a
transparent fluoride glass
scintillator co-doped with
Tb3 and Gd®*: a) in visible
light and b) scintillating
via x-ray excitation. Note:
Mounting tape is visible
behind the scintillator
glass in b).

e

Figure 2. a) A photograph of a European Figure 3. A molten binary glass from

hornet and b) an xray computed the ZrF,-BaF, system being poured into
radiograph of the hornet produced a temperature-controlled vacuum mold
10 using a glass-ceramic storage phosphor within an argon atmosphere glovebox.
(@) imaging plate.
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NonEeaquiLiBrium FLuiD PHysIcSs

Associate Professor

PhD, University of Tennessee

UTSI Program Coordinator for Mechanical, Aerospace,
and Biomedical Engineering (MABE)

Dr. Trevor Moeller’s research focuses primarily on high temperature gases and plasmas, including both modeling
and experimentation. He has successfully completed projects involving technology development for a portable MHD
generator, design and testing of a thermal storage and management system for the U.S. Air Force, and development of
an ultrasensitive electric propulsion thrust stand. His current research activities for the U.S. Air Force include modeling
and analysis of high-velocity flows in rockets and gas turbine engines, precise measurement of convective heat transfer
coefficients for unique probe geometries, investigations of cryodeposit contamination in cryopumped vacuum chambers,
and diagnostics for space environment simulation chambers. The sensitive nature of these programs precludes the
presentation of further details. Dr. Moeller also is conducting basic research in high speed flows and the development of
tools for the modeling of coupled electromagnetic/fluid systems.

Figure 1. Mach number (left) mole fraction (right) contours of Figure 2. New wind tunnel facility near completion
steady and pulsed injection.

Key future engineering technologies such as advanced propulsion and hypersonic flight require both experimental
test capabilities and advanced modeling. To accommodate the former, Dr. Moeller’s is developing a Mach 3 Scramjet
Flowpath Facility wind tunnel (Fig. 1) that will be used to study internal flow characteristics in hypersonic vehicle propulsion
systems. For the latter, both commercial and in-house CFD tools are used. One example is the ongoing development
of 3D, CFD models to further investigate the effects of pulsation of various fuels (e.g. hydrogen and ethylene) into
supersonic crossflows (Fig. 2).

Dr. Moellers’s group is continuing to develop an in-house CFD tool, TEMPEST (Tennessee electromagnetics/
fluids/plasmas equation solver toolchain), to facilitates accurate quantitative modeling of plasma dynamics in complex-
geometry, multidimensional problems, which permits us to resolve the complete multi-species, multiscale dynamics
occurring within a plasma device both efficiently and accurately. We have successfully applied this new tool to a wide
range of relevant physical problems, including low-electrical-conductivity effects, magnetic field wave and diffusion
behavior in the same computational domain, and magnetohydrodynamic turbulence.
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ATtomic AND MoOLECULAR LASER SPECTROSCOPY

Associate Professor of Physics and Astronomy
PhD, University of Otago, Dunedin, New Zealand
Dr. rer.nat. in Physics, University of Innsbruck, Austria

Professor Parigger has been a member of the Center for Laser Applications (CLA) since 1987 contributing to The
University of Tennessee Space Institute (UTSI) and CLA in its research, education, and service missions. His research
contributions encompass experimental, theoretical, and computational Physics, with focus in atomic and molecular and
optical (AMQO) Physics. The work includes fundamental and applied spectroscopy, nonlinear optics, quantum optics, ultrafast
phenomena, ultrasensitive diagnostics, lasers, combustion and plasma Physics, optical diagnostics, applied optics, biomedical
applications. His academic activities include service on various
Masters and PhD committees both in Engineering and in Physics.
During the last year, he delivered various invited presentations at
international conferences in the U.S., Austria, India, and Poland.
Moreover, a scientific based Memorandum Of Understanding
between the University of Cairo, Egypt, and The University of
Tennessee was signed to strengthen collaborations and open new
avenues of research of interest to both universities. He served
as President for the Faculty Assembly/caucus during 2015/2016,
and he continued to serve as Senator of the Faculty Senate
of The University of Tennessee. Professor Parigger has been
strongly engaged in postgraduate education, primarily offering
doctoral research related courses for students of Physics and
Engineering.

Christian Parigger’s research in atomic and molecular

spectroscopy is very well received at international level, the

99 101 103 105 103 109 144 18 115 147 115 129 123 laser-induced breakdown spectroscopy, plasma and combustion

The figure illustrates a snap-shot of the electron density variation Physics communities. Collaborations extend to faculty and

in laser-induced plasma using Abelinversion reconstruction tech- researchers at international universities, to name a few, in

Ql'g;’v?rfg gzswfﬁ)sm;pgﬂz gxgjggfsgﬁisﬁfﬁ; ;"i"s'above re-entry Italy, Austria, Hungary, Russia, India, Egypt, to several national

universities, e.g., Auburn University, Arkansas State University,

New Mexico State University, Denver University, University of Nebraska at Lincoln, and to National Laboratories including
at Oak Ridge and at Albuquerque.

Christian Parigger’s recent experimental research efforts continue to be comprised of various diagnostic works
in natural science, i.e., Physics, and in applied science, i.e., Engineering. The figure shows results of Abel-inverting spectra
to obtain the electron density distribution in nearly spherically symmetric plasma expansion 04 ps after laser-plasma
generation with 170 mjoule, 13 ns Nd:YAG laser pulses in standard ambient pressure and temperature (SATP) air. Of interest
are laser induced plasma generation in gases and during laser ablation of various materials including solid propellants
and nano-materials. During the current reporting period, Bob Wimberly completed the Master’s thesis on Strontium
spectroscopy in methane-air flames. The PhD students Ghaneshwar Gautam and David Surmick continued to work on
their Physics dissertations Lauren Swafford showed major strides towards completion of her Master’s degree. Noteworthy,
David Surmick received a Society for Applied Spectroscopy award for his stellar work on “Self-Absorption Measurements
of Resonant Aluminum Lines” associated with laser-induced breakdown spectroscopy. Ghaneshwar Gautam received in
2016 The University of Tennessee Chancellor’s Honors for “extraordinary professional promise,” an award that reflects
continuing, extraordinary academic quality of ongoing work at the Center for Laser Applications.
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NanobyNAMIcs AND HiGH-EFFICIENCY
LAB FOR PropPuULSION/POWER/ENERGY
(NANOHELP)

PhD, Nagoya University

Associate Professor, Mechanical, Aerospace, and Biomedical Engineering Department

The research interests of Dr. Zhang’s NanoHELP group (http://fzhang.utsiedu/) lie in thermal-fluid sciences,
nanotechnology, and advanced spectroscopies and diagnostics. The goal of his NanoHELP group is to take advantage of
nanotechnology for developing high-efficiency, low-cost and sustainable energy, power and propulsion devices, such as
fuel cells, electrolyzers, batteries, direct combustion engines, and electric thrusters. The research ranges from fundamental
understanding to system optimization with a strong interdisciplinary program for the study of micro/nano-scale reaction,
heat/mass transport, fluid mechanics, novel materials, corrosion, 3D printing/additive manufacturing, degradation,
surface/ mechanical/ chemical properties and MEMS/NEMS.

Corrosions have resulted in significant cost and degrade the component/system performance in aerospace
industries. Based on the development of high-speed and micro-scale visualization, the corrosion dynamics of materials,
including micro-scale pitting locations, shapes and reactions, were in-situ revealed in different environments, and the
better corrosion protections -

for multiscale surfaces were ,gq: ’-fj‘-h'-:-
explored in the NanoHELP. As - ""@ ¥ 3
shown in Figure 1, the element W r b
contents with different materials N
and coatings result in the 'Luugi*'_f_w@v‘{, :

grain structure changes, and i i
significantly affect the corrosion Figure 1 Multiscale corrosion behavior of alloys: (A) Aluminum high-entropy alloy |, (B) Aluminum alloy II,

behaviors. In Figure I(A), due to (C) Magnesium alloy I, (D) Magnesium alloy II.
. 7

homogeneous crystal structures, all pitting points are symmetrical in circular shape. While in Figure 1(B), all crystal
structures are nonhomogeneous, and the pitting points locate along the week parts, which are close to the grain
boundaries. In Figure 1(C), the stable passive film forms on the surface of Mg alloy |, and prevents further corrosions.
While in Figure 1(D), although the passive film formed on the alloy surface, it failed after a while, the corrosion continued
and went deeper.

Additive manufacturing (AM)/3D printing technologies have become more attractive to fabricate incredibly complex
products and rapid prototypes. Paired with the computer-aided design (CAD), AM affords the creation of new objects with
optimal designsand unique material properties. Asshownin Figure 2, NanoHELP has used four different additive manufacturing
processes to fabricate operational components from micrometers to several inches with different materials. All those
AM processes
not only help to
fabricate complex
components, which
are not possible
with conventional
machining, but
== print micro sensors
Jomm - and actuators.

Figure 2. 3D printing parts with different materials and processes: (A) Titanium liquid/gas diffusion layer by electron-
beam melting, (B) Stainless steel bipolar plate by selective laser melting, (C) Gypsum end plate by binder-jetting
prototype, (D) Circuits/sensors by direct printing.
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micro-scale reactions and microfluidics in FEMECs for high-efficiency energy storage,” I7%" International
Symposium on Flow Visualization, (June 19, 2016) Gatlinburg, Tennessee.

Richard ). Thompson and Trevor Moeller, “Divergence-Preserving Magnetohydrodynamic Solutions Using a
Non-Iterative Hyperbolic Conservation Law Scheme,” Presented at the 47" AIAA Plasmadynamics and Lasers
Conference, June 2016, Washington D.C., Paper number AIAA-2016-3226.

Nehemiah Joel Williams and Trevor M. Moeller, “Numerical Investigations of High Frequency Pulsed Fuel
Injection into Supersonic Crossflow,” Presented at the 47" AIAA Plasmadynamics and Lasers Conference,
June 2016, Washington D.C. Paper number AIAA-2016-3483.

Christian G. Parigger, David M. Surmick, Ghaneshwar Gautam, “Self-Absorption Effects on Line Shapes
in Laser-Induced Plasma,” 23 International Conference on Spectral Line Shapes (ICSLS 2016) Proceedings
Booklet, Invited, Torun, Poland, June 19-24, 2016 Fri.l.3.

Ghaneshwar Gautam, Christian G. Parigger, “Electron Density and Temperature Variations in Laser-Induced
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Hydrogen Plasma,” 23“ International Conference on Spectral Line Shapes [ICSLS 2016) Proceedings Booklet,
Torun, Poland, June 19-24, 2016, Poster Session 1.

David M. Surmick, Christian G. Parigger, “Self-Reversed Al Line Profiles in Laser-Induced Plasma,” 23¢

International Conference on Spectral Line Shapes [ICSLS 2016) Proceedings Booklet, Torun, Poland, June 19-
24, 2016, Poster Session 1.

Invited Presentations:

C. E. Johnson, “Mbssbauer spectroscopy of magnetic nanoparticles,” Chemistry Division Colloquium, Oak
Ridge National Laboratory, August 19, 2015.

Feng-Yuan Zhang, “Experimental and computational study of proton exchange membrane electrolyzer cells
for high-efficiency hydrogen production,” [nternational Conferences on Electrochemical Energy Science &
technology, Vancouver, BC, Canada, August 16-22, 2015.

C. E. Johnson, “Mossbauer measurements on Fe,O, nanoparticles for medical applications,” 3 International
Conference on the Applications of the Mossbauer Effect, Hamburg, Germany, September 13-18, 2015.

Jacqueline Anne Johnson, Russell Lee Leonard, Carlos Alvarez, Amanda Petford-Long, “In situ techniques
to characterize glass ceramics,” Materials Science & Technology 2015, Columbus, OH, USA, (October 4-8,
2015).

L.M. Davis, “Feedback-driven tracking and trapping in confocal fluorescence microscopy,” 82" Annual
Meeting of the South East Section of the American Physical Society, Mobile, Alabama, November 18-21, 2015.

Christian G. Parigger, “Time-Resolved Emission Spectroscopy of Laser-Induced Plasma,” Invited Speaker,
Physics Department, Banaras Hindu University, Varanasi, UP, India, December 17, 2015.

Christian G. Parigger, “Trans-Disciplinary Computation Teaching and Research Opportunities,” Invited
Speaker, All Departments: Ewing Christian College, Allahabad, UP, India, December 19, 2015.

Trevor Moeller, “College and Graduate Student Retention in STEM,” panel member, TN Section of AIAA
General Meeting, December, 20I15.

L. M. Davis, B. K. Canfield, A. Y. Terekhov, L. Costa, W. H. Hofmeister, “Femtosecond laser machining:
Physics and applications,” The 19th Annual Southeast Ultrafast Conference (SEUFC), Raleigh, North Carolina,
January 13-15, 2016.

Jacqueline A. Johnson and Russell Lee Leonard. “y-ray and neutron imaging enhancement using nanoscience,”
40" International Conference and Expo on Advanced Ceramics and Composites, Daytona Beach, USA,
January 2016.

Trevor Moeller and John Schmisseur, “The University of Tennessee Space Institute: Historic Accomplishments
and New Horizons for Space Related Research,” Presented at the AIAA SCITECH Forum, January 2016, San
Diego, CA.

Trevor Moeller, “Overview of Space Related Research at UTSI,” presented at the TN Section of AIAA
General Meeting, January 28, 2016.
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Jacqueline A. Johnson, “Computed Radiography using a Fluorochlorozirconate Glass-Ceramic Storage
Phosphor Plate,” Seminar: Tennessee Technical University, Cookeville, TN, USA, (2016).

Ghaneshwar Gautam, “Laser-Induced Hydrogen Plasma Dynamics,” Susan and Jimmy Wu Student Presentation
Competition, Oral Presentation, University of Tennessee Space Institute, Tullahoma, TN, March 4, 2016.

Franziska Steudel, Sebastian Loos, Bernd Ahrens, Russell L. Leonard, Jacqueline A. Johnson and Stefan Schweizer,
“Glasses doped with trivalent rare-earth ions as photon downshifters for photovoltaic applications”, Materials
Challenges in Alternative & Renewable Energy 2016, Clearwater Beach, USA, April 17-21, 2016.

Feng-Yuan Zhang, “Developing Novel Multifunctional Materials for High-Efficiency Electrical Energy Storage-
optimizations.” The 2016 DOE Crosscutting Research Review Meeting, Pittsburg, PA, April 18-22, 2016.

Contributed Presentations:

B. Wang, B.K. Canfield, L.M. Davis, “Single-molecule recycling in a nanochannel,” 82" Annual Meeting of the
South East Section of the American Physical Society, Mobile, Alabama, November 18-21, 2015.

B.K. Canfield, L.M. Davis “Femtosecond laser machining of graphitic channels through diamond with dynamic
aberration correction,” 82 Annual Meeting of the South East Section of the American Physical Society,
Mobile, Alabama, November 18-21, 2015.

B.K. Canfield, L.M. Davis, “Femtosecond laser machining graphitized channels through diamond with adjustable
aberration correction,” The 19" Annual Southeast Ultrafast Conference [SEUFC), Raleigh, North Carolina,
January 13-15, 2016.

B. Wang, B.K. Canfield, L.M. Davis “Single-molecule recycling in a fluidic channel,” The 19" Annual Southeast
Ultrafast Conference (SEUFC), Raleigh, North Carolina, January 13-15, 2016.

K. Dissanayaka & L.M. Davis, “Feedback-driven 3D tracking of a single molecule: review and simulations,” The
19" Annual Southeast Ultrafast Conference (SEUFC), Raleigh, North Carolina, January 13-15, 2016.

Adam Evans, Alex Moses, Lloyd Arrowood, Rich Lubinsky, Lee Leonard and Jacqueline Johnson, “Computed
Radiography at keV and MeV energies using glass-ceramic imaging plates,” DGG-ACerS GOMD (Madison,
USA, May 2016).

B. K. Canfield, T. Wulz, E. Lukosi, S. Spanier, and L.M. Davis “Femtosecond Laser Machining of Micron-
Diameter Graphitized Columns in Diamond,” Conference on Lasers and Electro-optics (CLEQO) 2016, San Jose,
CA, June 411, 2016.

Conference Organizing:

Trevor Moeller, Session chair, “Computational Methods,” PDL-O1, 47" AIAA Plasmadynamics and Lasers
Conference, Washington D.C., June 13, 2016.

Appointments:

David M. Surmick, Sandia National Laboratories Summer Internship, Albuquerque, New Mexico, January-july
2016.
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Awards:
Dr. Lino Costa, Pl on research contract awarded by US Fibers LLC [Jun. 2015 — May 2014].

Dr. Lloyd Davis, Rapid Access user proposal selected for access to the Center for Nanophase Materials Sciences
(CNMS), Oak Ridge National Laboratory (CNMS Proposal ID: CNMS2015-R0O1; “Bessel beam femtosecond
laser machining of diamond at atmospheric pressure” [Oct. 2015—Dec. 2015].

David M. Surmick, The Great Scientific Exchange (SCIX) Conference, September 27 — October 2, Providence,
Rhode Island, “Outstanding Spectroscopic Research by a Student Member” Award for Best Poster Presentation
“Self-Absorption Measurement of Resonant Aluminum Lines” Recognized by The Society of Applied
Spectroscopy (SAS), October 20I15.

Ghaneshwar Gautam, University of Tennessee Chancellor’s Honors Recipient for “Extraordinary Professional
Promise,” April 2016.
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Research Funded Externally

Investigator Contract Title Funding Period of Awarded | 2015-2016
Agency Performance Expended
Chen, A Quantitative Purkinje Swift Info Avpril 25, 2015 $100,000 $79,824
Ying- Technique for Early Cataract Technology — October 31, 2016
Ling Detection (Phase 1I: Feasibility | 8500045849
Evaluation) SWIFT INFO
(RO2-4313029)
Costa, Lino | Prototyping of Nanostructures Ultra Small June 1, 2015 — $50,564 $39,855
(RO2-4428020) Fibers, LLC May 31, 2016
Process FemtoSci Supplied International | February 28, 2016 — $5,000 $2,988
Nanodiamond in Laboratory | FemtoScience, June 30, 2016
(RO2-4428021) Inc.
Davis, Nanostructures for Enhancing | National Science| August 15, 2010 — $226,242 $15,968
Lloyd Energy Efficiency, Tennessee Foundation July 31, 2016
Solar Conversion and Storage
Using Outreach, Research and
Education (TN-SCORE)
(RO2-4318034)
NSF STTR — Novel Analysis Stony Creek June 6, 2016 — $1200 $0
Tools for Producing Higher Colors, Inc. August 31, 2016
Indican Yielding Plants for Bio-
based Indigo Production
(RO2-4318035)
Johnson, Large Area, High Resolution | B&W Y-12 LLC | February 20, 2013 - | $330,000 $63,141
Jacqueline Storage Phosphor Detectors September 30, 2015
for High Energy (MeV) Digital
Radiography
(RO2-4417025)
Multielectron Cathode Volkswagon October 1, 2014 — $48,000 $17,411
Materials with Capacities September 30, 2015
(RO2-4417028)
Moeller, Continued Participation by Vanderbilt June 14, 2010 — $217,143 | $44,734
Trevor The University of Tennessee University June 13, 2016
Space Institute
(RO2-432026)
Support of Plasma Effects, AEDC/FMF | February 24, 2014 —| $55,000 $27,219
Diagnostics, and Analysis January 31, 2016
In STAT
(RO2-4348044)
A Cryo-Vacuum Compatible Square One July 1, 2014 — $10,000 $1,584
Positioning System Systems Design, June 30, 2016
(RO2-4348046) Inc.
Solar-Lunar Exclusion Physical Optics | October 1, 2014 — $79,191 $9,684
Projection System Corporation August 31, 2015 Cont.
(RO2-4348048)
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Research Funded Externally

Investigator Contract Title Funding Agency Period of Awarded [ 2015-2016
Performance Expended
Moeller, Development of an | Physical Sciences October 1, 2014 — $210,000| $103,105
Trevor [nnovative Inc. August 31, 2016
Sys for Cryodep
(RO2-4348049)
Med_li_um-ScalSe Cryotank | Gloyer-Taylor I"klrch 263,]2%5]6— $30,000 $19,187
esting Support i ugust 3l,
(RO2-4348050) Labo[itco”es’
Ace Booster PH Il Gloyer-Taylor June 8, 2015 — $135,000| $55,236
[R02'434‘805]] Laboratoriesl May 20, 2017
LLC
12V Vegtica(lj Thrust Aerospace (J)une bZZ, ]25012501—5 $5,853 $5,101
tan i i ctober 15,
(RO2-4348052) Testing Alliance
ORSC Engine Stability | Gloyer-Taylor September 1, 2015 — | $100,000( $69,499
Scaling Laboratories, August 25, 2017
(RO2-4348053) LLC
Tennessee Space Grant Vanderbilt August 4, 2015 — $30,000 $2,763
Consortium Fellowship University August 3, 2017
Support
(RO2-4348054)
Testing of Two Square One January 22, 2016 — $4,583 $4,583
Actuators in Large Systems Design March 31, 2016
Chamber at 70K Inc.
(RO2-4348055)
GTL MTS Testing Gloyer-Taylor February 8, 2016 — $202 $202
(RO2-4348056) Laboratories, April 22, 2016
LLC
Senior Design Project DOD-AEDC/ April 11, 2016 — $20,000 $2,093
with AEDC FMF December 31, 2016
(RO2-4348057)
Zhang, Developing Novel Department of September 1, 2013 — | $300,000(  $51,424
Feng-Yuan [ Multifunctional Materials Energy August 31, 2018
for High-Efficiency
Electrical Energy Storage
(RO2-4421020)
Development of Next- DOE-ORNL August 20, 2014 — $57,300| $20,435
Generation Lubricant December 31, 2015
Additive for High-
Efficiency Engines
(RO2-4421022)
Bench Fretting Wear DOE-ORNL January 1, 2016 — $16,056| $14,980

Study of Zirconium
Claddings
(RO2-4421023)

May 3l, 2016
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