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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.

Bio/Nanophotonics

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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Materials Science
«  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
* 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

Laser Materials Interaction
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
» 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

Laser Spectroscopy

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

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

Advanced Manufacturing by raphy
Laser Additive Fabrication

Non-Equilibrium Fluid Physics

*  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, Research Scientist |

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.

Kate Lansford, Research Coordinator |

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.

Robert Rhodes, Research Scientist

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 Terekhov, Research Associate

Alexander has a M.S in Physics from Moscow State University and M.S. in
Materials Science from the University of lllinois 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 Warnberg, Research Specialist Il

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.

Reach for the Stars—Middle School Students

UTSI and the Arnold Engineering Development Complex (AEDC) STEM Programs, along with the
American Institute of Aeronautics and Astronautics (AIAA), sponsored Reach for the Stars National Rocket
v Competition where middle-school aged students built and launched
it - solid-fuel powered model rockets as part of a national spot landmg

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
: LT winners from each state earn the
Figure 1— Commander Col. Rodney Tordaro right to compete for the national

showing the first rocket he launched as a . :

title at the US Space Camp in
oung student. ; _ i i i
young Huntsville, AL, Figure 2—Students build their own solid

fuel powered rockets.

Solar Tree for Outdoor Classroom—Westwood Middle School,
Manchester, TN

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
i 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/'\?etfégni*’ﬁrl?igﬁgsls #c?Jr?{?ﬁgUtThsel 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.

Lego League—East Coffee Elementary School, Coffee County, TN

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 and Tennessee Technological University (TTU)

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
m Hm 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.

The STEMmobile is stocked with Figure 7—Students explore alternative

energy sources and plot data for

equipment from the TTU Oakley analysis.

e 6.TTUs STEMmobie. A 53 learn STEM Center and includes iPads,

igure — S monplilie. earning . . .

laboratory where students can explore STEM hand he.ld data cqllectlon devices, and cher §tgndard STlf.M
related science projects. instructional materials to make each engaging activity challenging

and rewarding.

FLY to Learn—-West Middle School, Tullahoma, TN

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.

Future Plans

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 2013-2017 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017
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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CENTERS OF EXCELLENCE ACTUAL, PROPOSED, AND REQUESTED BUDGET

Institution: UT Space Institute Center: Center of Laser Applications
FY 2016-17 Actuals FY 2017-18 Proposed FY 2018-19
Matching Appropr. Total Matching Appropr Total Matching Appropr Total
Expe nditures $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 $105,407 $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 $11,920 $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 $77,125 |  $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 $311,419 $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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Ying-Ling Chen

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 described in the

two parts:

The first is the computational endeavor to
develop analytical models of the imperfect eye. The
models then serve as the basis for the design and
deployment of expert system-based diagnostics of
large populations. For example, she is currently
contracted to investigate the combining the use
of sub-micron particulate 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 the 3rd and 4th reflection
from interior ocular surfaces to quantify cataract
development stage, which is needed to respond to
emerging treatment non-surgical options for this
disease. Previous CLA studies have used fractal
model to describe sub-micron particle growth.
This complexity of the particle model engendered
realistic predictions of the particulate growth. This
is essential to develop radiation scattering and
absorption methods to study particulate growth.

—

Applications of eye modeling:

# Predict ophthalmic measurements for instrumentation
(funded by NIH & Swift-Info Tech.) & medical education

# Virtual clinical trial with digital eye bank: design
instrument with eye models in normal & diseased eye
conditions : no human harmed. (funded by NIH)

1

o
1 Cluster generstad by LA of SN0 fsoinees

wages of 1he growih

e J

This investment of effort is even more important to obtain accurate early-stage cataract characterization.

The second is the ophthalmic instrumentation work followed by Dr. Chen’s three US patents. The purpose

Dynamic Ocular Evaluation System (DOES)

Purpose: Evaluate ocular health, bi

UT patented

nocular vision

development, and even mental problems

(ADHD, Autism, Dyslexia,

cooperation is needed.

<

= Digitally record

PTSD, mild brain

trauma, etc.) , while the children watch a
cartoon or play a computer game.

> Friendly: No dilation (eye drop) or

» Automatic : Computer real-time diagnostics
(supported by 2 UTRF awards)

of this technology is to assess ocular
information while the examinee watches
a short animation in his/her natural
viewing condition. Professor Chen is
developing collaborations with research
groups in the Brain and Eye Institutes of
Vanderbilt University and the University
of Alabama in Birmingham to investigate
the DOES application of detecting
mental problems such as post-traumatic
stress disorder, dyslexia, and physical/

emotional abuse through the ocular
response and the hand-eye-stimulus
interaction.
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MATERIALS SciENCE RESEARCH

Dr. Lino Costa

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 (LISI) for development of wear
and corrosion resistant surface coatings,
and femtosecond laser micromachining
for fabrication of microfluidic lab-on-a-chip
devices and patterning of polymer nanofiber
imprinting templates. The potential use of the

UT Space Institute femtosecond laser micromachining workstation

Live process monitoring Video Camera Laser beam -~

focusing optics: 4
microscope
objective

Microscope

Light Source

Woerk piece clamp

Tilt-Rotation stage
Aerotech
X¥Z nanostages
with two femtosecond laser sources:
1.2 W Amplified Femtosecond Laser 20 W Amplitude Systémes TANGERINE

CLA femtosecond laser facility to improve
surface finish of the additively manufactured
parts, and to carry out 3D direct laser writing
(DLW) by multi-photon polymerization (MPP)
is currently being explored with researchers
form other universities.

= Coherent
Coherent RegA 5000

Verdi-18

Output: 100 pi, 325 fs — 10 ps, 1030 nm pulses

Repetition rate: single-pulse — 200 kHz — 2 MHz

Pulse burst mode: pulses with 10 ns separation
Second Harmonic Generator option available: 515 nm

& -
Output: 5 ), 160 fs, 790 nm pulses
Repetition rate: single-pulse - 250 KHz

Dr. Costa is also actively pursuing the development of laser-based additive manufacturing techniques suitable for
net-shaping refractory metals, such as Molybdenum, Tantalum, and Tungesten, and alloys, that are of great interest to
numerous aerospace applications. To this end, CLA has a Optomec LENS 750 system, donated recently to UTSI by the
Marshall Space Flight Center.

Coaxial powder feading nozze

Tharmocouple

Joule heating elerment

An example of a W-TIC component, and microsctucture, formed by Optomec LENS 750 modified toinclude a substrate pre-heating element
fusing together Tungsten and Titanium carbide powders using a laser.  capable of reaching 1000 C.

In the past year, Dr. Costa received funds from International FemtoScience, Inc, to conduct research on the
processing of nanodiamonds. Dr. Costa also received funds from Micron Corporation to explore the potential of novel
activated carbon materials in electrical storage systems. An award to advance this line of work to include batteries is
currently pending.

13
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ULTRASENSITIVE SPECTROSCOPY

Lloyd M. Davis

B. H. Goethert Professor of Physics
PhD, University of Auckland, New {ealand

Over the past year, Davis and his group have completed projects in several areas of ultrasensitive spectroscopy,
applied optics and laser materials interactions, while continuing to develop new research initiatives in areas that align
with UTSI targets and ongoing projects at UTK and ORNL. Also in the past year, Davis has taught graduate courses in
Contemporary Optics and Quantum Optics to physics students from UTSI, UTK, ORNL, and Vanderbilt; in addition,
he has co-taught a course in Engineering Optics to aerospace and mechanical engineering students from UTSI, UTK, and
out of state. In the area of quantum optics, Davis has collaborated on an Office of Naval Research-sponsored project on
quantum cryptography for secure ship-to-ship communications led by Prof. G. Siopsis at UTK.

In the area of ultrasensitive spectroscopy, CLA graduate student B. Wang, with help from staff members B. Canfield
and A. Terekhov, developed an experimental device for “single-molecule recycling,” which enables detection of a single
molecule in solution to be repeated multiple times. A detailed Monte-Carlo simulation written in C was developed by Davis
and used to evaluate real-time control algorithms and to guide the development of the experimental control program, which
modulates voltages on the device in response to photons detected from the molecule. Results were presented at the SPIE
Photonics West conference “Single Molecule Spectroscopy and Super-resolution Imaging X” on January 29, 2017. Wang
completed his PhD and has taken up a postdoctoral position on single-molecule super-resolution imaging for cancer research
at Texas A&M University, College of Medicine. We are now applying real-time control in another project: With help from
CLA staff, graduate student K. Dissanayaka has used femtosecond laser machining to fabricate microfluidics for feedback-
driven trapping in three dimensions. His experiments utilize an ultrafast laser for fluorescence excitation of samples.

A significant undertaking of Davis and his CLA teammates over the past year has been in developing advanced
capabilities for femtosecond laser materials processing, such as additive manufacturing. In last year’s report, we noted
that CLA had acquired a state-of-the-art, high pulse energy, femtosecond laser from Amplitude Systemes. Over the
course of this reporting year, we have integrated this laser into our platforms for materials processing. This has entailed
sophisticated LabVIEW programming for integrated control of the new laser, detailed optical design and critical alignment
of optical components, including for advanced polarization manipulation, machine-shop fabrication of custom components,
and extensive calibration of modules. These developments have been performed primarily by CLA staff member B. Canfield.

One of the initial projects undertaken with the new laser is the development of scalable methods for laser-
fabricating micron-diameter graphitic columns through synthetic diamonds. There are various applications, including the
construction of radlatlon hard detectors of high-energy nuclear particles. Although groups in Europe had shown that

; ‘ 5 femtosecond lasers can write graphitic electrodes in diamonds some years
ago, the process has so far been far too slow to be scalable for practical
devices. At the SPIE Photonics West conference “Laser-based Micro- and
Nanoprocessing XI” on January 3l, 2017, we presented our recent results
demonstrating that a high-aspect column can be written with our new laser
within a small fraction of a second with just a single laser pulse by using a
' “Bessel beam,” obtained by manipulating the beam focusing conditions. We
. are now researching conditions that optimize the graphitization, which we
can measure using a high-resolution aberration-corrected Raman microscope
that we recently built. This work is accepted for presentation by B. Canfield
at the Frontiers in Optics/Laser Science conference on September 19, 2017.
The development of experimental capabilities and recognition will help us to
become competitively placed for future research funding opportunities in
this area. In another project, with seed funding provided by a Science Alliance
JDRD grant in collaboration with Dr. D. DePaoli (ORNL, Nuclear Materials
Femtosecond  [ser oo Processing) and Prof. E. Lukosi (UTK, Dept. of Nuclear Engineering), we are
channels through a 500-micron thi%k synthetic diamond. combmmg femtosegond lqsgr processing with reactive ion etchlng.to develop
The inset shows channels emerging from the back @ diamond-based microfluidic alpha particle spectrometer for use in targeted
surface of the diamond with varying laser parameters. ~ cancer therapy using Bi**-labeled monoclonal antibodies.
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MOGSSBAUER SPECTROSCOPY

Charles Johnson

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’s research this year has concentrated on studies of oxidation using the Mossbauer Effect,
which measures magnetic and electric hyperfine interactions. The electric hyperfine interactions (chemical shift and
quadrupole splitting) are unique in distinguishing oxidation states of atoms in solid materials. Elements which have
more than one oxidation state, e.g. iron which can be either ferrous or ferric, have uses for energy transfer in such
diverse processes as respiration, where hemoglobin takes up oxygen reversibly, and lithium-ion batteries, where the
reversibility enables them to be re-charged.

A striking example of chemical interest is in the insertion of excess oxygen in iron antimonate FeSb,O,. The
crystal structure shows that it contains one-dimensional channels which are utilized in catalysis. Mdssbauer spectra show
that both iron and antimony are oxidized, Fe’+ = Fe*+ and Sb*+ — Sb°+. Further studies are in progress to measure
the effect of inserting fluorine into the structure.

Another example with
significance for geological
processes in the Earth’s
magma is of iron silicate
Fe,SiO, made by containless
methodology i.e. aerodynamic
levitation and laser beam
heating (see Figure). Rapid
cooling from 3,000° C
produces glassy specimens.
Different  oxidation states
were produced by varying the
partial pressures of oxygen
and carbon monoxide in the
furnace atmosphere and were
analyzed by Mossbauer (at
UTSI)and XANES (at Argonne
National Laboratory) spectra.
Up to 65% of the iron was
Fe** in the basic melts and
75% in the glasses.

Work has continued on
iron oxide nanoparticles and on sodium-ion battery materials reported in previous years.
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THIN FiLms FOR SoLAr, LIGHT EmITTING
Diobes, AND ANTI-FOGGING APPLICATIONS

Jacqueline Johnson

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

In 2017, the Johnson group initiated two new projects in developing thin films, one for solar applications and one
for biomedical applications. A National Science Foundation funded project titled “Designer Glass Ceramics” began.

For the glass ceramics project, our purpose is to gain insights into thin film structures that would allow us to
optimize them for photovoltaic and light emitting diode (LED) applications. Using a custom-built pulsed laser deposition

system we deposited the first layer of the desired multi-layer coating using
a ZLANI (Zirconium, Lanthanum, Aluminum, Sodium, Indium Fluoride)
glass target. This confirmed the feasibility of creating thin ZLANI layers on
fused silica substrates (see Figure 1). The tests verified that our PLD system
and associated process parameters are suitable for this project.

The second project concerns laparoscopes. Unfortunately, lens
fogging is commonplace for such instruments and very few methods exist
to reduce or eliminate this problem. The downside of poor vision during
surgery can lead to surgical errors, bleeding, irritation and ultimately
infection when attempting to reduce fogging. Methods previously
employed include placing in a warming bath, defogging solution and warm
gas insufflation, implemented multiple times per surgery. This increases
the potential for infection. The proposed research would develop an anti-
fogging coating that could maintain transparency throughout surgery.

THE UNIVERSITY OF

TENNESSEE

KNOXVILLE

Figure 1 A transparent ZLANI film depositedona 1" x 1"
fused silica substrate by pulsed laser deposition.

Dr. Johnson participated in the first NIH review board of the Joe Biden Cancer Moonshot Initiative, an honor
bestowed on few. Dr. Johnson is grateful for the hard work by graduate students, Jason Hah, Julie King, Adam Evans,

Chad Bond and Tony Nuygen.

Laryngeal inlet

Figure 2. (left) clear view, (right) fogged view.

Laryngeal inlet obscured by fog
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NANOSTRUCTURED MATERIALS FOR
TECHNOLOGICAL AND SoLID-STATE MATERIALS

Saeed Kamali

Research Associate Professor

Department of Mechanical, Aerospace and Biomedical Engineering (MABE)
M. A. Uppsala University, Sweden

Ph. D. Uppsala University, Sweden

Magnetic core-shell nanoparticles are a class of nanostructures
with interesting interfacial magnetic interactions. They have received
much attention due to their wide range of applications in many
scientific fields such as magnetic recording, hyperthermia, Magnetic
Resonance Imaging (MRI) agents, and drug delivery. Magnetic core-
shell nanoparticles can be synthesized with ferromagnets as the core
and antiferromagnets as the shell. It can also be an antiferromagnet
core with a ferrimagnet shell.

QOur collaboration with the University of California Davis
focuses on the design and synthesis of new compounds aimed at
understanding structure-property relationships in solid-state materials
for energy applications. One part of this collaboration is to investigate
ultra-small and twinned crystals of complex structures. Exploration
of chemical factors that affect magnetic interactions in solids is one
of the major steps in the development of novel magnetic materials.
Qur approach to new, highly correlated materials and superconductors
involves combining infinite Fe-chalcogenide fragments with highly
tunable, transition metal coordination complexes.

Figure 1 Core-shell structure.

Another important class of nanomaterials is the two-
dimensional nanostructures, in the form of thin films, multilayers,
superlattices, and trilayers, with many structural and magnetic
properties, which can be tailored for interesting technical
applications, such as Magnetoresistive Random Access Memory
with its core element as a Magnetic Tunnel Junction. In general,
interfaces in two-dimensional nanostructures play an important
role in their properties. The presence of roughness and steps
in the interfaces and surfaces dictate the physical phenomena,
such as magnetic and electronic properties. Elimination of steps
can prevent undesirable properties and enhance nanostructures’
properties for applications. One approach is to use amorphous
materials, which have a high degree of uniformity, as building
" 4o blocks in thin films and multilayers.

Absorption fa.u.

'
ey
=

'
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=
-

Velocity / 3 . . . 3
eloclty fmm Laboratory-based techniques with emphasis on Mossbauer

Figure 2. Mossbauer spectra for a chain magnet. spectroscopy, which is a powerful technique for characterization

of these structures, have been combined with synchrotron-based
techniques (performed at SPring-8 in Japan) such as High Energy X-Ray Diffraction and Magnetic Compton Scattering to
elucidate interesting structural and magnetic properties.
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ADVANCED MATERIALS FOR
RADIOGRAPHIC IMAGING AND DOSIMETRY

Lee Leonard

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.

Dr. Leonard is currently developing luminescent glass and glass-ceramic materials for radiographic imaging and dosim-
etry applications. The luminescent properties of these materials can be tuned by varying composition and processing
conditions (see Figure 1). 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 ¢Li makes
the materials more sensitive to neutron radiation. Dr. Leonard has developed both scintillators and storage phosphor
materials. Scintillators spontaneously emit visible light upon exposure to ionizing radiation. In contrast, storage phos-
phors do not spontaneously luminesce during exposure and require optical or thermal stimulation to initiate emission.

Dr. Leonard’s glass scintillators have been successfully tested at CG-ID Cold Neutron Imaging Facility at Oak Ridge
National Laboratory. The scintillators can be used with the camera system at CG-ID to create both 2-dimensional neu-
tron radiographs (see Figure 2) and 3-dimensional computed tomography images. Optimization of the scintillators for
increased light output and spatial resolution is ongoing.

Dr. Leonard recently supplied glass-ceramic storage phosphor samples to Los Alamos National Laboratory. The samples
will be used in the development of a segmented detector consisting of storage phosphor fibers, which will be part of
an advanced computed radiography system. The system will work with portable x-ray sources and gamma-ray emitting
isotopes and will have applications such as explosive ordinance disposal.

Figure 1 Photographs of fluoride glass samples under a) visible
light and b) ultraviolet light. The sample on the right is doped with
Eu®*. Sample dimensions are approximately 20 mm x 20 mm x
6 mm.

Figure 2. a) A photograph of a transparent fluoride glass
scintillator co-doped with Eu®* and Gd®* and b) a neutron
radiograph of a line pair phantom using the scintillator
from a) produced at the CG-1D Cold Neutron Imaging
Facility at Oak Ridge National Laboratory. Spatial
resolution of 6 Ip/mm (83 pm) was achieved during
preliminary testing.
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NonNeaQuiLiBrRIUM FLuiD PHysICS

Trevor Moeller

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. More recently, Dr. Moeller was awarded a contract
to develop of a liquid methane (LCH4) liquid oxygen (LOX) rocket testbed for research involving these engines. NASA
is highly interested in these rockets for exploration of Mars. 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

Key future engineering technologies such as advanced propulsion and hypersonic flight require both experimental
test capabilities and advanced modeling. For the latter, both commercial and in-house CFD tools are used. One example
is the ongoing development of 3D, CFD models to investigate methods to alleviate unstable high pressure areas where
control surfaces attach to wings, which can cause structural damage (Fig. 1). Experimental validation of these simulations
will be conducted in the Mach 2.3/3.0 wind tunnel (Fig. 2).

Figure 2. Mache 2.3/3.0 wind tunnel facility.

Figure 1. Speed (top) and pressure (bottom) of a wing control
surface.

Dr. Moellers’s group is continuing to develop an in-house CFD tool, TEMPEST, 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 MoLECULAR LASER SPECTROSCOPY

Christian Parigger

Associate Professor of Physics and Astronomy
PhD, University of Otago, Dunedin, New {ealand
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 and outreach missions.
His research contributions encompass experimental, theoretical, and computational Physics, with focus in atomic and
molecular and optical (AMO) Physics. 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. and Italy. Moreover, the collaboration under the between the University of Cairo, Egypt, and The University of
Tennessee will continue based on the Memorandum of Understanding between the two universities. He served as President
and Past-President for the Faculty Assembly/caucus during the reporting period, 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, forinstancein laser-induced breakdown spectroscopy,
plasma and combustion Physics communities, with well
over 3,600 reads of scientific works as recorded by
Research Gate (R®). Moreover, the 68 papers in Journal
of Physics on the 22" spectral line shape conference at
UTSI chaired by Christian Parigger in June 2014, show
over 18,000 downloads or an average of 275 downloads/
reads per paper through June 2017, reflecting welcome
international recognition. Collaborations extend to faculty
and researchers at international universities, to name a few
recent collaborations, in Italy, Austria, Hungary, India, Egypt,
to several national universities, e.g., Auburn University,
New Mexico State University, and to National Laboratories
including at Oak Ridge and at Albuquerque.

Laser-driven plasma: 0.4 ps time delay

y (mm)

0 2 4 L] 8 10 12

x (mmj The figure shows results of laser-driven plasma
Figure 1: The shock wave maximum expands vertically in excess of Mach expansions in standard ambient pressure and temperature
0 2l and ooty n rcessof Moch 40 (14 /) for e i, OF inerest are laser nduced plasa genetion n gases
from generation of the laser plasma. The blue lines indicate a cone and and during laser ablation of various materials. During the
the significant, measured horizontal speed. current reporting period, David M. Surmick completed the
Doctor of Philosophy degree in Physics on “Spectroscopic
Imaging of Aluminum Containing Plasma.” Ghaneshwar Gautam continued to work on his doctoral degree on time-
resolved spectroscopy of hydrogen laser-induced plasma. Ghaneshwar Gautam received in 2017 The University of
Tennessee Chancellor’s Honors for “extraordinary professional promise,” an award that reflects continuing, extraordinary
academic quality of ongoing work at the Accomplished Center of Excellence, Center for Laser Applications. Focus areas
of professor Parigger in the next reporting period include laser applications: non-equilibrium fluid physics, laser-induced
plasma physics, laser ablation and materials science, hypersonic atomic and molecular optical diagnostics, etc., along with
various collaborations and engagements in invited talks on fundamental science.
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NaNobyNAMICS AND HiIGH-EFFICIENCY
LAaB FOR PrRopPuULSION/POWER/ENERGY
(NANOHELP)

Feng-Yuan Zhang

PhD, Nagoya University
Associate Professor, Mechanical, Aerospace, and Biomedical Engineering Department

The research interests of Dr. Zhang’s NanoHELP group (http://fzhang.utsi.edu/] 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.

- p—

One of the recent research
studies is on  high-efficiency
hydrogen and oxygen productions
and energy storages with PEM
electrolyzer cells (PEMECs).
Combining advanced manufacturing,
novel material/component design
and fabrication, state-of-the-art
characterization, advanced high-
speed imaging, theoretical modeling/
simulations, and system testing, the
NanoHELP has in-situ revealed the
real rapid electrochemical reactions
in micro scale for the first time,
and has demonstrated significant
efficiency improvements and catalyst
mass activity promotion of the
electrochemical ~ energy  devices.
Nanotechnology and  advanced
manufacturing are used to develop
novel multifunctional liquid/
gas diffusion layers (LGDLs) with

-, " By L F = i
desired transport, electrical and Figure 1 Novel nano-based multifunctional materials exhibits significant performance improvement for
thermal properties. The new thin hydrogen and oxygen production. (Kang, Z., J. Mo, G. Yang, S.T. Retterer, D.A. Cullen, T.J. Toops, JB.

and flat LGDL with tunable straight Green, M.M. Mench, and F.Y. Zhang, Energy & Environmental Science. 2017, 10, 166 - 175.) (IF.29.52)

pores remarkably reduce the ohmic, interfacial and transport losses and has been demonstrated significant performance
improvements of the energy devices, as shown in Figure 1. In addition, well-tunable features, including pore size, pore shape,
pore distribution, and thus porosity and permeability, are very valuable for developing PEMEC models and for validation
of its simulations with optimal and repeatable performance. An appropriate equivalent electrical circuit model has been
established to quantify the effects of pore morphologies. The LGDL thickness reduction from greater than 350 pm of
conventional titanium felt LGDLs to 25 pm will greatly decrease the weight and volume of PEMEC stacks, and represents a
new direction for future developments of low-cost PEMECs with high performance. Further, it can lead to a manufacturing
solution to couple LGDLs with other bipolar plates, since they can be easily integrated by top-down and bottom-up
manufacturing processes with low cost.
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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
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