




















e reactor pressure
vessel is the safety-critical
component that will
ultimately determine the
safe operating lifetime of
a nuclear power plant.

Wirth and his team are leveraging
the power of UT’s Newton Computer
Complex with the Kraken and
Jaguar supercomputers at ORNL to
integrate materials modeling with
experimental processing, environ-
mental exposure, and property
characterization to reveal the
dynamics of reactor materials.

dependence and elements in a pressure vessel's steel do in reactors. In both
cases, operators weigh the costs of repairs versus replacements when it comes
to failures. Engines and vessels are costly repairs. Wirth estimates vessels to
cost upwards of $500 million—although one has never been replaced.

The reactor pressure vessel is a 100-ton steel container, eight to ten inches
thick, twenty to forty feet high, and thirty to sixty feet in diameter. It consists of
many steel plates welded together and sits inside a concrete dome. This is the
heart of the nuclear reactor, containing the coolant and reactor core, where the
nuclear reaction occurs.

According to Wirth, it is one of only four components in the nuclear reactor
for which scientists have not been able to determine an operating lifespan—and
of those four, it is arguably the most critical.

“It is the number-one, safety-critical component in the power plant, and it is
not easy to replace because it is embedded in a big concrete dome, has insula-
tion on it, and has inlet and outlet piping attached to it,” Wirth explains. “So
this is the component that will ultimately, in my mind, determine what the safe
operating lifetime is.”

Understandably, Wirth is dedicating the bulk of his research trying to
determine the operating lifespan of these vessels.

It's no easy feat. Wirth is tasked with trying to follow the evolution of defects
created from neutron—atom collisions that proceed incredibly fast—within ten
trillionths of a second—but then evolve over decades. The big question he is
trying to answer: What causes properties in materials to change and ultimately
fail?

To help illustrate his challenge, Wirth takes a paper clip out of his desk and
starts to bend it.

“When you bend a paper clip back and forth, it initially makes the paper clip
harder to bend as this movement continues, but the paper clip then becomes

V _.' = _.:' C

=



brittle and breaks,” he says. “This weakening or degradation is a significant W| rth’s d iscoveries are
concern. We are trying to better understand this process in order to make d rivi ng research for reactor

material adjustments, to prolong the life of materials, and to prevent disasters

and failures” | S performance improvements
In reality, the problem is when neutrons released during uranium fissions and the development Of new

escape the nuclear reactor vessel and penetrate the fuel and cladding. Eventually
they pass into the structural materials and cause degradation of their mechanical reactor materials_
performance.

“Some of the neutrons that are used to split the uranium atoms actually leak
out of the vessel's core and pass through the vessel. When they do that, they
induce violent collisions with atoms in the solid that cause defects that, over
decades, cause changes in the internal structure, much like those during the
bending of the paper clip,” said Wirth. “But we can't tell this until it breaks, so we
are trying to see the defects caused by the neutrons, how they evolve, and how
they change properties.”

Conducting research for the Department of Energy (DOE), Wirth works with
innovative tools to determine how long a pressure vessel can safely operate with
neutrons passing through it.

Wirth and his team are leveraging the power of UT’s Newton Computer
Complex with the Kraken and Jaguar supercomputers located at ORNL to
integrate computational multi-scale materials modeling with experimental pro-
cessing, environmental exposure, and property characterization to reveal the
dynamics of materials.

They also are using very low-energy neutrons to characterize precipitates
in materials by neutron-scattering techniques at the ORNL High Flux Isotope
Reactor and plan to use the lab’s Spallation Neutron Source, as well.

The next goal is to develop models to understand all the dynamic processes
that cause the interior of the material to change at the micron scale, how that
impacts the strength of the material, and whether it is going to fail under
accident loading conditions.

Wirth's models must accelerate an already quick process to predict what
would happen if reactors are used for sixty or eighty years. The ultimate goal
is to develop predictive performance models to inform the Nuclear Regulatory
Commission (NRC), utilities, and the DOE on what the lifetime should be.

In the meantime, Wirth is using his discoveries about the processes and
degradation mechanisms to drive research for reactor performance improve-
ments and the development of new reactor materials. He currently serves as
deputy focus area lead for materials performance and optimization within one
of three DOE hubs—launched by Energy Secretary Steven Chu—called the
Consortium for Advanced Simulation of Light Water Reactors (CASL).

CASL is a large-scale, $25 million-per-year e ort to team up across national
laboratories, universities, and industry in an attempt to model the performance
of nuclear reactors. Wirth uses the high-performance computing capability of
Jaguar to simulate nuclear fuel performance and the performance of nuclear
reactors within a virtual reactor to better understand operating safety limits with
the goal of optimizing power usage.

While there is still a lot to learn about a nuclear reactor’s lifespan, Wirth does
not believe America’s reactors are anywhere near su ering the fate of his wife’s
car's fan blade.

Like cars, some reactors may last longer than others, but there is no predic-
tive model for determining that yet. Wirth does say he feels pretty confident that
the nation’s current reactors can last sixty years and possibly longer, but he has a
lot of work to do before he can arrive at a precise answer.

“| believe the NRC does a good job at independently assessing reactors,”
Wirth says. “Of course, we can always do better. As an engineer, | want an
evaluation process to be done rigorously but see no reason reactors can’t
operate safely after a thorough investigation.”
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Women are difficult to find in sports media. Erin Whiteside flnds that sexual
stereotypes and gender discrimination are often at fault. s
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ver notice how rare it is to hear a female voice
giving the play-by-play during a football game?
Or how a newspaper’s list of sports columnists
rarely contains a woman'’s name?

According to research conducted by Erin Whiteside,
an assistant professor in the College of Communication
and Information, the scarcity of women in sports media
is rooted in myriad gender issues, including the percep-
tion of sports as a masculine activity, the lack of family-
friendly policies for women, and workplaces that can
breed sexual harassment and discrimination.

“As a society we've culturally associated sports as a
space in which we can showcase and celebrate mascu-
linity, and it has been di cult for women to enter that
world,” Whiteside says.

Before pursuing her doctoral degree, Whiteside
was an assistant editor for Major League Baseball and
worked in the sports information o  ce at Pennsylvania
State University. She always knew she wanted to
work in the sports field, particularly women’s sports.
However, she says she was troubled by “problematic”
workplace practices at her jobs and drew upon those
experiences when developing her research agenda.

Whiteside's research is based on a combination of
guantitative and qualitative approaches with women
in sports media professions. So far, she has surveyed
approximately 600 individuals from a variety of sports
media backgrounds and has ten papers either published
or forthcoming that explore the attitudes and experi-
ences of sports media professionals, including women.

One of the discoveries Whiteside made was that
women in sports media are often challenged even
before they tackle their first assignment, namely by
problematic stereotypes, such as questions about their
sexuality or their motives for working in the profession.

“The field can be like a maze for women, with no way
out,” she says. “When women enter sports media pro-
fessions, they are e ectively entering a space that has
been culturally marked as masculine. As a result, they
often face questions about why they have crossed that
boundary, and some women may feel like their sexuality
is under scrutiny.” If they're incorrectly assumed to be
lesbians, for example, women may try to combat that
stigma by adopting more feminine haircuts or ward-
robes. But even if a woman “proves” her heterosexuality,
there is a tendency to suspect her motives for working
in sports—for example, that she’s only looking for a
romantic relationship with a coach or player.

“My research with female sports information direc-
tors has shown that there’s pressure to explain why
they’re working in the sports field,” Whiteside says. “So
you prove your heterosexuality, but you might be seen
as unprofessional or be subject to sexual advances. It
creates a really problematic work environment.”

Whiteside found that most women who go into
sports media typically leave after six to ten years, and

part of the reason has to do with the di culty of work-
ing while also being a wife and mother. Night games,
weekend games, last-minute crises—all of these things
disrupt family life.

Another reason women leave the profession often
has to do with their relative lack of professional mobility.
Job duties are largely split along gender lines—women
often work with women'’s sports, and men work with
men'’s sports.

In fact, in the entire sports field, women comprise only
10 percent of sports information department heads, 10
percent of sports editors, and 10 percent of sports writers.

“The high-status sports are [men’s] football and
basketball,” she says. “If women are never getting the
opportunity to work in those sports, they will never get
the experience they need in terms of leadership. | am not
trying to minimize women'’s sports; I'd love to see wom-
en’s sports achieve more visibility. But right now, women
aren't getting the opportunity to gain the high visibility
they could during, say, a Saturday football game.”

She adds that even women who do work in men’s
sports often do not get the plum jobs, like play-by-play
announcer or sports columnist—positions that exercise
the authority to analyze and explain the activity—
although many are employed as in-game reporters.

“| think a huge problem women face is the argument
that they never played football or whichever sport is in
question, so it's impossible to be an expert,” Whiteside
says. “I've found in my research that the constant need
to prove their aptitude to do a job that does not require
previous experience playing sports is a very di cult
thing for women to endure on a daily basis.”

After all, Al Michaels and Dennis Miller landed
commentator spots on Monday Night Football despite
never having played the sport professionally.

Whiteside says there are several strategies for deal-
ing with problems for women in the sports media field.
One involves addressing homophobic behavior and
sexual harassment in the workplace; another would
entail creating policies that make the workplace more
family-friendly for women with children. Also, making
the division of labor and beat assignments less
gender-stratified would help.

“Part of what | try to argue is that those at the top
need to set some examples,” Whiteside says. “If we
can see diversity as a social justice issue and not just a
women'’s issue, that would move things in a more
positive direction.”

If we can see diversity as a social O
justice issue and not just awomen’s
issue, that would move thingsina
more positive direction.
—Erin Whiteside
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Governor’s Chair Frank Loeffler employs microbes to “eat” toxic materials and transform

them into harmless compounds, cleaning up Mother Nature for the rest of us.

By Meredith McGroarty

ome of the most innovative tools in environmental
remediation have, in fact, been around for eons,
quietly cleaning up our messes more e ciently
than we ever could.

Microbes—single-cell organisms found
throughout the ecosystem—have been degrading natu-
rally occurring gases and compounds that are toxic to
humans and other animals for millions of years, but sci-
entists are now hoping these microorganisms will help
curb the ever-growing problem of man-made pollution.

“Over the last ten or twenty years, it became very
apparent that nature produces a large amount of chlo-
rinated chemicals, and halogenated compounds in
general,” explains Frank Loe er, Governor’s Chair for
microbiology and civil and environmental engineering
at UT Knoxville. “Microbes have been degrading these
materials for billions of years; we just hadn't noticed.
Now, we're challenging microbes with much higher con-
centrations of these chemicals—and maybe with com-
pounds they’'ve never seen before—and we're taking
advantage of them for bioremediation.”

Loe er's research focuses on the role of microbes in
the degradation of toxic materials, such as chlorinated
solvents or heavy metals. Certain microbes are able to
use organic toxic materials as a source of energy, much
as humans use oxygen. In this metabolic process, the
dangerous material is broken down and transformed
into harmless compounds.

“In the absence of oxygen (that is, anoxic condi-
tions generally prevailing in contaminated subsurface
environments, including aquifers), some microorgan-
isms use the chlorinated solvents as electron receptors
for respiration,” Loe er says. “These organisms don't
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use oxygen; they use chlorinated solvents in place of
oxygen and generate their energy. That's a unique life-
style that was only recently discovered.”

One of the major areas of Loe er’s work pertains
to the presence of chlorinated solvents in groundwater.
For many decades, people disposed of these solvents,
such as the dry cleaning fluid tetrachloroethene (PCE),
by simply dumping them into the ground.

Depending on its volatility, some of the solvent
might be released into the atmosphere and be
destroyed in the atmosphere, while the rest might
penetrate into the soil and migrate downward and con-
taminate groundwater. Once in the water, the solvent
dissolves and a toxic plume forms, which can reach
drinking water wells or is discharged into rivers and
lakes.

Chlorinated solvents like PCE have a density higher
than that of water migrate below the groundwater to
pool in the subsurface environment and remain there
as free-phase solvent. Exposure to humans can come
through well water or vapors that penetrate into the
home. The commonly encountered PCE has been linked
to cancer and other health problems.

“This free-phase PCE can sit in the water for
decades, for centuries. This problem will be with us for
many more years unless we find more e cient ways of
cleaning it up,” Loe er says. “We're working on devel-
oping technologies using microbes that will help clean
up the plume and also accelerate the cleanup of the
source where free-phase PCE is located.”

In addition to studying chlorinated solvents, Loe er
is also looking at an issue of special interest to East
Tennessee residents: the presence of heavy metals in
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the environment. In December 2008, a ruptured wall

at a Tennessee Valley Authority facility released 5.4
million cubic yards of coal ash—which contains several
heavy metals—into the surrounding area. This research
will capitalize on an important part of Loe er’s role

as a governor’s chair: collaboration with scientists at
Oak Ridge National Laboratory, which performs a good
deal of work involving heavy metals.

“Unlike organic compounds, metals can’t be miner-
alized, so they can't be destroyed by microbes. What
microbes can do is change the properties of these
metals. For example, microbes can a ect the solubility
of toxic metals so they don’t move in water anymore.
When the toxic metal stops moving, you can protect
downstream recipients from being exposed,” Loe er
explains.

There are several types of bioremediation e orts
that Loe er addresses in his research. One strategy,
called bioaugmentation, involves transferring microbes
to polluted areas where they were previously absent.

“l have been involved in some e orts to take organisms
and bring them back to a contaminated site. It worked
very well,” Loe er says. “These organisms saw the
contaminant as food, and they helped detoxify it.”

Another area of study focuses on the microbes’ sur-
roundings. If microorganisms exist in a polluted area
but are performing poorly, it is possible the site has
conditions detrimental to the desired microbial activity.

“If certain microbes are present and not active, we
have to check out what the bottleneck is,” he says.
“There are di erent reasons for the holdup; for exam-
ple, there’s too much sulfate or too much oxygen in
the area, or the soil pH is wrong. We could change the
condition of the environment, like removing the oxygen,
and remove the bottleneck.”

Regardless of the bioremediation strategy; it is clear
that nature is far more adept than humans at producing
microbes and other organisms to clean up pollution.

“For now, the idea of scientists creating microbes
that will be able to quickly detoxify, for example, a large
oil spill, is a fairy tale. | don’t think it's feasible or practi-
cal to use synthetic biology and take di erent genes
and things from di erent organisms, combine them, and
expect that organism to perform better than microbes
that have evolved naturally,” Loe er says. “Nature is
doing a pretty good job, but we have to understand
Mother Nature better so that we can take full advantage
of what she has to o er for bioremediation.”
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Assistant Professor Wei He of the Department of
Materials Science and Engineering and the Department of
Mechanical, Aerospace, and Biomedical Engineering

Above are sixteen-channel neural implants for acute
recording. He’s research seeks to protect the implantable
tip from host encapsulation.
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NEURONEXUS TECHNOLOGIES

he young science of neuroprosthetics may one day relieve
many human miseries. Sensors implanted in the brain, for
instance, promise to translate thought into motion for artificial
arms, legs, and hands. Since the mid 1980s, experimental suc-
cesses include implanted electrodes that collect information from
neurons and then send it to a computer, making it possible for quad-
riplegics to move a computer cursor and a robotic arm.

Moving beyond experimental settings, however, means extending
the life of sensors. When a sensor is implanted in a living organism,
the organism—quite reasonably—sees the sensor as a foreign body.
The invader is walled 0 with a protein coat, and the surrounding
damaged tissue is repaired. This repair causes scarring, however,
which prevents the sensors from gathering data from nearby neu-
rons. Within months (or even days), the sensors become useless.

Finding a way to keep sensors working drives a range of biomedi-
cal research. Assistant Professor Wei He of the College of Engineering
thinks that anti-inflammatory drugs might be a key. If tissue does not
become chronically inflamed, repair cells will not be instructed to wall
o the sensor. She is working to create polymers that will carry an
anti-inflammatory drug to keep scar tissue from forming.

“l use the analogy of a shuttle detaching from a spaceship,” He
says. “The drug-containing component is the shuttle that floats
around the ship, which is the implanted neural sensor. The material
is designed to keep the drug confined near the sensor, so the local
tissue will be treated. We don’t want the drug-containing compo-
nent stuck on the sensor, as this will interfere with the device’s
sensing capability.”

By controlling the size or the chemical properties of the “shuttle”
molecule, He can control how far the drug travels before it acts.

He also hopes to correlate the timing and amount of drug
release with tissue response. If the drug were only released when
needed—when chronic inflammation occurs—then it would be far
more e ective at inhibiting scarring, and the tissue wouldn't be
flooded with unneeded drugs. One trigger she’s working with is pH,
a measure of acidity or alkalinity. Decreased pH (that is, increased
acidity) means inflammation, so the polymer will respond to lower
pH by releasing the drug. Although pH-sensing drug release has
been widely explored in cancer research, it has not been explored in
neuron interfaces.

Other hallmarks of chronic inflammation include the buildup of
oxidative substances, such as hydrogen peroxides. Theoretically, one
could use these oxidative molecules as triggers for drug release by
linking the drug molecules to a carrier through chemical bonds that
can be broken by oxidants.

“Essentially, this strategy can be viewed as a more personalized,
patient-specific treatment,” says He. “We are taking advantage of the
various markers associated with the tissue response to implants and



using them to our benefit to control the drug release.
The key is to create a safe and trigger-responsive drug
deposit around the implant.”

He’s doctorate is in chemistry, but her research has
progressed from chemistry to engineering materials to
biomedical science. “It is amazing to incorporate biology
and engage in such an interdisciplinary field. Materials
interfacing with cells is the best of both worlds to me,”
she says.

In 2002, she helped develop a family of polymers
based on a compound used to enable surface pat-
terning for directed cell growth. The polymers she is
currently creating and testing are part of the same
materials family, but keyed to drug delivery.

Investigating each polymer is a long process that
begins with seeing how well living cells tolerate a
material in a dish.

“We feed the materials to the cells. Then we put
them in a nice, warm environment, with the temperature
of the human body, to grow,” she says.

One day’s microscope results are displayed on a
computer screen in her laboratory. Some of the cells
look like two joined circles, and others look like four
joined circles. “They are growing normally so far, judging
by their appearance. We'll run biological tests to quan-
tify how many cells are alive,” says He. “Tomorrow we'll
repeat the culture and change the feed to other
materials and see how well it does.”

Once she determines that a material is not toxic
to the living cells, she sees how well it works to carry
a drug. “We connect the anti-inflammatory drug to a
polymer. Is it still anti-inflammatory when it's on the
material? Will the drug remain bioactive after going
through the chemical reaction?”

Theoretically, these tests proceed quickly. Practically,
however, there are new issues with each material.

“For example, the number of drug molecules
attached may be less than we expected, or the solubility
of the final product may be too low to warrant further
application,” says He. “It can take weeks, months, even
years to find a solution that works.”

Once successful at the cellular level, He will conduct
an approved animal trial, most likely with a healthy rat.
“If that's e ective, we'll try to emulate the response in
larger animals. At every stage, we're determining if the
response is acceptable and the long-term performance
of the implants is improved.”

He recently won a prestigious Faculty Early Career
Development (CAREER) award front the National
Science Foundation, which funds her work for five years.

“This award lets me recruit the best of the best stu-
dents to work with me,” she says.

The strongest power behind her research, however,
may be her hopes for the future.

“In a perfect world, | hope my work will extend the
longevity for neural implants. | hope it will also apply
to other implant/host responses,” He says. “There’s
been a longstanding problem with glucose sensors for
diabetics, for instance. Other implantable sensors that
could benefit from this research include those for treat-
ments of epilepsy and other debilitating neurological
disorders. Adverse inflammatory responses plague all
sorts of indwelling medical implants and devices. A
better understanding of the host response will enable
us to engineer a more e ective solution to manage the
response for our benefit.”
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When | started thinking about developing a research center, it
became very clear that sustainable energy was going to be the most
important challenge facing the human race in the 21st century.

—Bamin Khomami, director of UT’s Sustainable Energy Education and Research Center (SEERC)
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on the Horizon

By Amanda Womac
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Electricity organically generated by the sun’s energy. Photosynthesis-driven

biofuels. Hydrogen-powered fuel cells. How UT’s Sustainable Enerqy Education

and Research Center is generating a cleaner tomorrow.

ow can we create e ective energy and fuels
that are both e cient and better for the
environment?

Thanks to the Sustainable Energy Education and
Research Center (SEERC), UT is discovering new
answers to that very question and quickly becoming a
world leader in green energy research.

Directed by Bamin Khomami, professor and head
of the Department of Chemical and Biomolecular
Engineering, SEERC was established to educate the next
generation of industry and academic leaders by bringing
together scientists and engineers from foundational disci-
plines and by forging partnerships with key organizations.

“The idea of SEERC is to build the intellectual and
physical infrastructure to train future leaders of sustain-
able energy research,” Khomami says. This mission, cou-
pled with strategic investments of resources to fund seed
research and educational projects, will further strengthen
existing areas of research and promote new directions.

“When | started thinking about developing a research
center, it became very clear that sustainable energy was
going to be the most important challenge facing the
human race in the twenty-first century,” Khomami says.
“With its close proximity to ORNL, it was obvious that
UT needed an umbrella organization to foster all renew-
able energy research on campus.”

Khomami first identified faculty involved in sustain-
able energy research on campus and developed a plan
for umbrella hires in strategic areas. Once a core group
was assembled, SEERC'’s three “research thrusts”"—
advanced materials, biofuels, and energy conversion
and storage—were created.

Advanced Materials

One of the most pressing needs for a sustainable future is
the development of clean energy alternatives to current
finite resources such as coal and oil. Because of their ability
to transform energy from the sun into electricity, photo-
voltaic devices are perhaps the most attractive alternative
sources.

Organic photovoltaics are one of the most promising new
technologies available for this conversion. An organic photo-
voltaic cell uses conductive organic polymers—or small,
conductive organic molecules—for light absorption and
charge transport.

In SEERC's advanced materials research thrust, chemis-
try professor Mark Dadmun and his colleagues are working
to improve the function of organic photovoltaics by better
understanding the structures of the materials involved. Since
organic photovoltaics are based on mixtures of two materi-
als, how well these materials mix and the structure they form
when they mix is critical to turning sunlight into energy.

According to Dadmun, most of the research in this area
has focused on the function of the material and how it
worked.

“Very few scientists were looking at the structure of these
organic photovoltaics,” Dadmun says. “In order to improve
function, we must understand the structure.”

By controlling and characterizing the structure, Dadmun
and his team create materials in the hopes of discovering the
characteristics that provide optimal energy production. They
record the characteristics and correlate those to the function
of the material, determined by measuring its photovoltaic
e ciency. Computational studies also provide insight into
the structure of the material.

QuesT
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“If we can correlate the structure of a material to
its function, we will be able to develop better ways to
create energy from the sun,” he says.

Although there are few organic photovoltaics on the
market, they have a bright future. As with any new tech-
nology, there are engineering obstacles to overcome
before they can be as e cient as silicon cells. Dadmun
is confident that as these engineering problems are
addressed, the use of organic photovoltaics will help
ease our dependence on finite resources for energy
production.

Biofuels

SEERC’s biofuels research thrust is lead by Paul
Frymier, professor in the Department of Chemical and
Biomolecular Engineering.

Along with colleague Eric Boder, Frymier is develop-
ing methods to form photovoltaic devices and systems
using a biological process. Some bacteria exhibit a prop-
erty known as the “photoelectric e ect,” which causes
them to absorb photons of light and release electrons.
When these free electrons are captured, an electric cur-
rent results that can be used as electricity.

Frymier’s research focuses on using cyanobacteria,

a phylum of bacteria that obtains its energy through
photosynthesis, in order to develop an electrical current.
The key is combining proteins that capture energy with
enzymes that attach them to surfaces.
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“The photosystem is one big protein that is shaped
like a lampshade,” Frymier explains. “Its primary func-
tion is to move an electron. When it absorbs a photon, it
separates the positive and negative parts of the protein’s
reaction center. This moves the electron. The bigger the
separation, the further the electron moves. Eventually,
the electron can move away from the protein altogether.
Left with a hole, another electron moves in its place.”

The constant movement of electrons creates an
electric circuit, a system that has potential for sustain-
able energy applications.

Today'’s solar cells generate current by inorganic
molecules called “dopants” that are incorporated into
silicon. The energy system Frymier is developing gener-
ates energy with proteins that bacteria make naturally.
The idea is to grow bacteria on an inexpensive source
like sugar, harvest the proteins, and use them in the
photosystem.

According to Frymier, photosystem proteins can be
easily attached to a solid surface. The trick, however, is
how to get them aligned properly.

“Our method is working to get them all pointed in
the same direction, so the electrons move in the same
direction and generate more current,” he says.

Frymier believes cyanobacteria are a good source
for the desired proteins because the genetics are very
well known and they grow quickly. Combining his
research with the tools of molecular biology, new pro-
teins can be generated that can be easily attached to
surfaces or given improved properties like faster rates
or higher stability.

“This is a completely di erent way of making solar
cells that could potentially reduce the cost,” Frymier
says. “Bacteria are very e cient in transferring the
energy of a photon to charge separation—almost 100
percente cient—giving it the potential to be moree -
cient than any other process.”

Also, cyanobacteria do not compete with land use for
food production. When bacteria grow in the lab, the bulk
of what researchers feed it is another carbon source,
which could be atmospheric carbon dioxide.

Energy Conversion and Storage

Stephen Paddison, professor in the Department of

Chemical and Biomolecular Engineering, leads SEERC’s

third research thrust: energy conversion and storage.
Fuel cells have emerged as a promising alternative

to power conversion devices like internal combustion

engines because they create electrical energy rather

than thermal energy, which is linked to global

climate change.



Bacteriaare verye cientin transferring the energy of a photon to
charge separation—almost 100 percente cient—giving it the potential to
be moree cientthan any other process.

—Paul Frymier, professor in UT’s Department of Chemical and Biomolecular Engineering

The technology known as proton exchange membrane
(PEM) fuel cells, also called solid polymer fuel cells, could
enable the mass production of a ordable hydrogen-
powered fuel cell vehicles.

A PEM fuel cell creates electrical energy by transform-
ing the chemical energy released during the electro-
chemical reaction of hydrogen and oxygen. A stream of
hydrogen is delivered to the membrane electrode
assembly where an electric current acts as a catalyst,
creating a chemical reaction that splits the hydrogen into
protons and electrons.

“Our research addresses the functionality of a PEM
fuel cell and its limitations in transporting materials
across its interface,” says Paddison. “Once we understand
the limitations, we can dictate the transportation of the
materials across interfaces.”

When applied, Paddison’s research will be valuable for
the creation of a hydrogen-supply infrastructure to
support electric vehicles powered by hydrogen fuel cells.

Leading the Way to a Sustainable Future
While research is important to SEERC, the education
component is equally vital. Recently, SEERC received an
IGERT (Integrative Graduate Education and Research
Traineeship) grant from the National Science Foundation
to develop its flagship interdisciplinary training program,
STAIR (Sustainable Technology through Advanced
Interdisciplinary Research). Under the leadership of David
Ke er, director of STAIR and professor of chemical and
biomolecular engineering, a graduate certificate in sus-
tainable energy was established at UT in 2010, o ering
courses based on case studies of energy projects.

In the last year, sixteen graduate students were taking
part in IGERT, and ten undergraduates were conducting
research for projects sponsored by SEERC.

“We have worked very hard to build synergy across all
the thrusts of research,” Khomami says. “I wish to expand
sustainability science, but it's a bit more abstract than we
are used to as scientists.”

Whether it's organic photovoltaics, cyanobacteria, or
PEM fuel cells that change the way we consume energy,
research conducted at SEERC will continue to thrust UT
into a leading role in the sustainable energy future.

DAVID LUTTRELL
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I\/I a a p i n g UT Psychologists
Intimacy

By Bill Dockery

From the Shakespearean

stage to the modern soap opera, male—
female relationships are the stu of
literature. From the water cooler to the
bar, liaisons between the sexes are the
grist of daily gossip and the source of
much of the drama that fills our courts
and jails.

But for all that fascinating drama,
finding a partner—and staying with
one—involves a complex dynamic of
psychological, social, and even economic
forces that can disrupt the lives of
individuals and families and cause
much personal pain.

Psychologists in UT’s clinical psychol-
ogy program have come a long way
toward understanding how males and
females form intimate partnerships and
finding ways to heal the hurts that may
result. A bright young crop of nationally
recognized clinical specialists are
probing the dynamics of marital infidelity,
studying how adolescents form relation-
ships, exploring the role substance abuse
plays in failing partnerships, and seeking
the almost intangible forces that shape
woman-man interactions.
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Uncover the Complexities of Human Relationships

A WHISPER OF UNRELENTING DEMAND

Forgiveness Isn't About Going Back
Kristina Coop Gordon pays a lot of attention to the
commonplace instances of unfaithfulness, the garden variety
of cheating that leads to the breakup of many marriages.
Gordon, an associate professor of psychology, researches
the e ects of betrayal on relationships and the ways couples
can survive it. For almost two decades, she has conducted
clinical research into how a major trauma like unfaithfulness
a ects a couple’s relationship and under what conditions the
broken relationship can be healed.

“When | started my PhD in the early nineties, the study
of infidelity was in its infancy, particularly in real-life relation-
ships,” Gordon says. “Most of the existing research had been
done on college students. Research on cohabiting couples in
the real world was unfortunately very rare.”

Gordon started focusing on infidelity when she counseled
a couple whose relationship was in crisis. As she explored
their relationship with them, it became clear that the fun-
damental betrayal had occurred before the marriage, when
the two were deciding on china patterns. The husband-to-
be was expecting to participate in the choices as an equal
with his partner, but his fiancée ultimately deferred to the
wishes of her mother. While the incident appears trivial,
Gordon found that action was a basic betrayal of the pair’s
“couple-ness.”

She developed a theoretical model likening betrayals in
relationships to a trauma and then created an assessment
measure based on this model. She collected data with com-
munity couples, and her findings led her to develop a treat-
ment process that can help couples come to terms with a
betrayal of one sort or another.

Gordon now leads couples through the stages of such a
rupture, from the discovery and the resulting trauma, to the
reasons for the betrayal, and eventually—for some partner-
ships—to a new understanding that includes knowledge of
the a air but gives the pair a new vision of the relationship
to pursue.

“Couples have to look at di  culties they may have had
together in the past and consider what they need to do to
go forward. They have to understand that forgiveness is
not about going back to the way things were before the
infidelity,” Gordon says. “When something is broken, even if
it's mended, there’s always a little bit of a scar. Sometimes
people learn that they can’t change—that the relationship
will not work for them.”

QuesT
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Mapping Intimacy
e r

¢¢l thought
the trajectory
of adolescent
romances was
one that would
later transfer
into adult
relationships
and marriage. |
don't believe that
now.%9

—Deborah Welsh

e Partner Is Like a Mirror
Like Gordon, Professor Deborah Welsh
chose an area of study that had seen little
prior research: adolescent romance. She
found that psychologists neither felt the
need nor had the techniques to probe the
inner workings of teenage couples who
were romantically involved.

“When | started investigating adolescent
romantic relationships, | found them hard to
study from a pragmatic standpoint,” Welsh
says. “The subjects were minors and paren-
tal consent was necessary. Parents feared
that participating in the study might pro-
mote sexual activity among adolescents.”

In the early years of her work, Welsh
assumed that teen couples learned how to
be in a romantic relationship by watching
their parents’ marriages.

“l was initially convinced that there was
a continuity between adolescent and adult
romantic relationships,” she says. “I saw
early relationships as about learning how to
be intimate with someone.”

Her earliest discussions with adolescent
couples involved talking to them about each
other but also asking probing questions
about their parents. She quickly discovered

that, while the teens would answer her
guestions about family, their real interest
was in talking about the relationship with
their partners.

The picture of adolescent romantic rela-
tionships that has emerged from Welsh’s
work is significantly di erent from her
expectations.

“l thought the trajectory of adolescent
romances was one that would later transfer
into adult relationships and marriage,” she
says. “l don't believe that now.”

Instead, Welsh found that teenage
romance is about identity, not about learn-
ing how to be intimate. Adolescent relation-
ships are about who the partners are as
individuals. The relationship is an identity
development function that answers ques-
tions for the individual like “Am | a powerful
person? Am | compassionate? Kind?”

“The other person—the partner—is like
a mirror,” Welsh says, “each trying to figure
out who they are and in what ways they can
be important.”

In the course of her work, Welsh is cred-
ited with pioneering several new methods
for getting teen involvement in her projects
and in gathering data via digital video.

HEATHER WILSON
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To Forgive or Not to Forgive
James McNulty has turned his research

e orts toward marital satisfaction—what it
takes to keep a marriage stable and accept-
able to both partners.

“We've found that it is best to do our
research in the context of marriage,”
McNulty says. “We like to start out with
newly married couples and follow them
over several years. Often they start out
being satisfied with marriage and become
unsatisfied over time. We look for the
sources of that change.”

McNulty, an associate professor in social
psychology, takes a contrarian approach
to common wisdom about the positives in
marriage. With a phalanx of doctoral stu-
dents, he has done a critical examination of
the advisability of forgiveness in marriage.

“We seek to turn established findings on
their head,” he says. “Our main thrust in the
last five years has been to show that the
same psychological qualities and processes
that help some couples don't help all cou-
ples.” Forgiveness may not be a positive, for
example, if it allows a partner to continue a

destructive behavior over time, resulting in a
prolonged decline in marital satisfaction.
“The tendency to express forgiveness
may lead o enders to feel free to o end
again by removing unwanted consequences
for their behavior,” McNulty writes in “The
Dark Side of Forgiveness,” a paper published

in Personality and Social Psychology Bulletin.

The finding has implications for physical and
psychological abuse in a relationship; a part-
ner who is relatively less forgiving will see a
decline in both forms of aggression over the
course of the marriage.

“Distressed and at-risk couples may
benefit from interventions that teach them
to think and behave in ways that motivate
them to resolve their problems, even if those
thoughts and behaviors are associated with

negative emotions in the moment,” he writes.

In addition to forgiveness, McNulty
and his students have studied the roles of
expectations, physical attractiveness, psy-
chological and physical abuse, and sexual
satisfaction in overall marital satisfaction,
with the results often drawing national
media attention.

The tendency
to express
forgiveness may
lead offenders
to feel free to
offend again
by removing
unwanted
consequences for
their behavior.

—James McNulty
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Mapping Intimacy

66 We need to
know which
comes first:
the decision to
engage in conflict
or the decision to
drink.99

—Todd Moore

Interlocking Abuses

For some couples, interpersonal stresses are
not the most serious results of a troubled
marriage. Researchers Gregory Stuart and
Todd Moore focus their work on the com-
plex interplay of personal psychology, sub-
stance abuse, and intimate partner violence.

Stuart, a professor of psychology and
a fellow of the American Association for
the Advancement of Science, has received
multiple grants from the National Institute
on Alcohol Abuse and Alcoholism to design
and evaluate interventions aimed at redu-
cing harmful substance use and intimate
partner violence.

His research has shown that substance
abuse is highly prevalent in men and
women with a history of domestic violence
and that domestic violence is common
among individuals who are in treatment
for substance use. He has studied whether
brief substance abuse programs should be

SPARKTOGRAPHY

made a part of programs intended to treat
spouses who batter their partners.

“One of the primary goals of our research
is to examine whether brief treatments
for substance abuse can improve both
substance use and partner violence out-
comes for men and women who have been
arrested for domestic violence,” Stuart says.

Stuart recently received funding to
examine genetic associations with violence
and addiction. He is particularly excited to
examine whether he can identify genetic
predictors of response to batterer inter-
vention programs and brief substance use
interventions.

Moore, an assistant professor in psy-
chology, has been a frequent collaborator
with Stuart on the way substance abuse is
interlocked with violence against intimate
partners. He also has pioneered the use
of handheld personal digital devices as
a means of collecting day-to-day—even
moment-to-moment—data on instances of
substance abuse and domestic violence.

“We need to know which comes first: the
decision to engage in conflict or the deci-
sion to drink,” Moore says. “Assuming we
can trust the subject’s reporting, the hand-
held computers allow us to study the timing
of the drinking and the conflict.”

One preliminary study was done with
college students, who had to be in at least
a month-long relationship to qualify for the
study.

“We had the subjects use a Palm Pilot to
take a daily survey reporting on their behav-
iors the previous day,” Moore says. “They
were asked to report on the amount of alco-
hol use they had engaged in, whether they
had seen their intimate partner, whether
there was any conflict, and whether the
conflicts led to psychological or physical
aggression.”

His findings indicated that intimate
partners are two to three and a half times
more likely to engage in psychological or
physical aggression when they have had
alcohol and that the link between drinking
and aggression is four times stronger in
men than in women.
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Improving erapies and Enriching Lives
Mapping the intimate interactions of couples promises the possibil-
ity that more people in troubled relationships can find increasing
satisfaction in their own lives and contribute to their own and their
partner’s well-being.

The complexity of relationships between intimate partners would
seem to make foradi cult field of study, but these five and other
UT psychologists are making inroads into some of the most di  cult
aspects of interpersonal psychology and winning scholarly attention
in the process.

“Other researchers and graduate students are building on the
insights found here,” says James Lawler, head of UT’s Department
of Psychology. “The discoveries our psychologists are making are
beginning to impact the general public, with real possibilities for
improving therapies and enriching lives.”

66The discoveries

our psychologists

are making

are beginning

to impact the

general public,

with real

possibilities

for improving

therapies and

enriching lives.99
—James Lawler
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BIAS FROM THE BENCH?

en years ago, the Enron scandal obliterated

more than $2 billion in pension funds, cost tens

of thousands of people their jobs, and brought

about the fall of one of the most respected

accounting firms in the country. So why did the
company’s lawyers—as well as the law firm whose
eleventh-hour investigation failed to spot Enron’s
fraudulent accounting practices—su er very few conse-
guences by comparison?

According to UT law professor Benjamin Barton,
lawyers involved with Enron got o  relatively easy
because of both the nebulous nature of attorney—
client privilege laws and the bias that judges
generally show toward lawyers in cases of legal
malpractice.

“Enron is a case study to show how judicial bias
operates in the real world,” Barton says. “Many of the

accountants and executives at Enron faced criminal
charges and in some cases received jail time, while the
lawyers inside Enron and the law firms that dealt with
Enron felt a much smaller impact from the scandal. In
fact, they're still operating and, depending on how you
look at it, paid a pretty small fine and walked away.”
None of the lawyers involved were disbarred and they
are all still practicing law.

In his recent book, The Lawyer-Judge Bias in the
American Legal System, Barton argues that in appli-
cable cases, judges are more likely than not to render
verdicts that favor lawyers and protect attorney privi-
leges and rights. For example, if a client sues an
attorney for legal malpractice, the judge is likely to be
more sympathetic to the lawyer’s case.

Barton explains that many factors contribute to
lawyer—judge bias. First, nearly all American judges
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COWTOOLS

In his new book, the College of Law’s Benjamin Barton examines
the ins and outs of lawyer-judge bias. sy veredith McGroarty

are former lawyers, and this shared background makes
them more empathetic to an attorney than to a person
in another profession with which the judge is not famil-
iar. In a medical malpractice case, for example, a judge
is instinctively more likely to view himself or herself in
the role of the patient, since he or she has undoubtedly
been a medical patient in the past.

“In these cases, judges don't identify with the phy-
sician. They think, ‘Good grief, | don't want a doctor
leaving a scalpel inside of me.” But when judges hear a
case about legal malpractice, they unconsciously put
themselves in the position of the lawyer,” Barton says.
“So when they ask themselves, ‘Is it reasonable to allow
this fraud claim against a lawyer?’ they think, ‘Well, we
certainly can't have clients suing for every little mistake
that we make.” And so you end up with totally di erent
types of law for legal malpractice.”

In addition to the psychological factors, judges
have more physical contact with lawyers than anyone
else. By nature of their respective professions, lawyers
and judges communicate on a regular basis; how-
ever, for the sake of ensuring impartiality, judges are
largely sheltered from the general public. In addition,
elected judges receive most of their campaign con-
tributions from lawyers, and unelected and elected
judges alike seek endorsement from the American Bar
Assaociation, which can blackball a candidate of whom it
disapproves.

“Bar associations have worked tirelessly since the
turn of the twentieth century to raise the profile of
judges, to raise judicial salaries, and to raise the public
standing of judges,” Barton says. “Most judges are
members of bar associations. In many states, they have
to be a member of the bar association to be a judge. So
there are all sorts of professional and monetary connec-
tions between judges and these associations.”

But judges are not the only ones protecting the
legal profession from censure. The practice of law is
largely self-regulated because state supreme courts
can decide the constitutionality of laws, including those
statutes that pertain to lawyers.

Legislators can pass laws pertaining to subjects like
the bar exam or legal malpractice, but the courts—
composed of attorneys—have the power to strike them
down. For example, if a state legislature tried to loosen
the laws governing the unauthorized practice of law
(the laws that keep non-lawyers from o ering legal
advice), a state supreme court would likely strike it

down as an impingement upon the inherent powers of
the judiciary.

This complexity and ambiguity also helped shield
Enron attorneys from the disciplinary actions accoun-
tants and executives faced.

“When you look back at what these lawyers did,
it's not really clear that they even violated the rules,”
Barton says. “And that’s a statement about the rules
themselves.”

According to Barton, some of the bias and dis-
ciplinary problems could be avoided by educating
judges using a system currently implemented in
France and Germany, where aspiring judges study law
on a separate track from those training to be lawyers.
This method ensures the judges receive education
and training specific to a career as a judge, not as
a lawyer, and their careers stay within the realm of
judgeship.

Another option would be for courts to have non-
lawyer judges serve alongside professional judges in
hearing cases. The American legal system employed
lay judges up until about a century ago, and Barton
says there is no reason the United States couldn’t do
SO again.

L L Bar associations have worked
tirelessly since the turn of the
twentieth century to raise the
pro le of judges, to raise judicial
salaries, and to raise the public
standing of judges. Most judges
are members of bar associations.
In many states, they have to be a
member of the bar association to
be a judge. So there are all sorts
of professional and monetary
connections between judges and
these associations.J J

—Benjamin Barton
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Undergraduate research opportunities lead to
advancements in data storage and protection

By Jennifer Brouner

very semester, computer science professor James Plank chooses
only the top undergraduates to join his research family and
participate in advanced research. In 2007, Katie Schuman was
adopted into Plank’s lab family and has impressed him with her
computer programming skills and creative insight ever since.

For the past three summers, Schuman has worked eight
hours a day writing new computer code and testing itse -
ciency. Every hour spent in front of her computer brought her

closer to an improvement in the technique of erasure coding, a highly sophisti-
cated method of data storage.

Each of Schuman’s summers involved a di erent project requiring hard work
and dedication. During the summer of 2008, Plank assigned Schuman her very
own project: to find out how his erasure-coding library compared to others
around the world.

Schuman was asked to read and adapt the code for each online-accessible
erasure-coding library. She wrote code to command each library to perform the
exact same task and measured the time it took to complete. After three months of
e ort, Plank and Schuman were able to evaluate the e ciencies of the libraries.

The results were eventually published in the proceedings of File and Storage
Technologies (FAST), one of the most prestigious computer science conferences.
Schuman was cited as a third author in this publication. As an undergraduate, she
was already making meaningful contributions to the storage research community.

During Schuman'’s second summer, Plank presented his undergraduates with
adi erent type of challenge. He asked each student to write his or her own
Facebook application, with the ultimate goal of generating a large amount of data
that Plank and his team could protect using erasure coding.

Schuman created a Facebook app that generated photo collages, and it
quickly became a hit with users across the globe. Plank and Schuman watched
as the application spread from Knoxville throughout Tennessee, then across the
country, and finally throughout Europe and Israel. Within two weeks of launching
the application, Schuman was astonished that more than 33,000 people were
using her program.

Schuman’s third and final summer was spent completing an undergrad-
uate thesis. The results of her research project, “An Exploration of Optimization
Algorithms and Heuristics for the Creation of Encoding and Decoding Schedules
in Erasure Coding,” were published in Pursuit: The Journal of Undergraduate
Research at the University of Tennessee.

After researching with Plank for three years, Schuman had accumulated
enough experience to write her own ticket to graduate school. She applied to UT,
Georgia Tech, and Vanderbilt and was accepted to all three.

Although Schuman could have gone elsewhere, she wanted to conduct
research at UT and stay close to her family. She is currently pursuing a PhD
at UT Knoxville under the supervision of J. Douglas Birdwell, professor of
electrical engineering and computer science. After graduation, she plans to
initially pursue a position as a researcher in a government-funded laboratory
or for a research company in the private sector, with possible future plans as
a university or college faculty member.

DAVID LUTTRELL
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