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Crosstalk
MATERIALS BUILD NEW OPPORTUNITIES
Georgia Tech’s research strategy focuses on talented faculty doing powerful
interdisciplinary research that stretches beyond the lab and into the real world.
We do this by facilitating transformative opportunities, strengthening collaborative partnerships, and maximizing the economic and societal impact of all we do.
This issue of Research Horizons highlights the incredible thought leadership of
Georgia Tech faculty, and how the world is benefitting from their great work. This
has begun to get the attention of government and industry leaders interested in
learning more about “what Georgia Tech thinks” and “what Georgia Tech does!”
Georgia Tech has one of the nation’s largest materials research programs, with
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more than 200 faculty members working to make existing materials better, and
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developing new materials that may change the future. Our Georgia Tech materials research experts are advancing a grand challenge, announced by the White House two years ago, called the Materials Genome Initiative.
The goal is to focus on both the design of advanced materials and on reducing the time required to bring the materials to
market. In the future, what now takes as much as 20 years could be done in less than five. Meeting this goal will depend on computational techniques, so our work in this area involves a cadre of faculty from the Colleges of Engineering, Computing and Sciences
as well as the Georgia Tech Research Institute.
To better support faculty performing materials-related research, the Georgia Tech Institute for Materials was launched in June
2013. The announcement was made in a White House press release, another indication of Georgia Tech’s increasing thought leadership impact. You can find more about all of this amazing work in the article that begins on page 6 of this magazine.
At Georgia Tech we are proud of how we all work together – across our campus and with our government and industry partners – so our research will have a much greater impact on society and the economy.

Stephen E. Cross
Executive Vice President for Research
March 2014
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Researchers have developed
a new technology to sort
human cells according to

Streaming Cells:

their stiffness, a property
that might one day help
doctors identify certain
diseases in patients. The

Technology That Sorts Cells by Stiffness May

sorting technology uses a

Help Spot Disease

microfluidic device which
separates cells into two
different streams.

Photo: Maxwell Guberman
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Todd Sulchek, an assistant
professor in the George W.
Woodruff School of Mechanical
Engineering, specializes in
studying the mechanical
properties of cells.

4

By Brett Israel

R

esearchers have developed a new technology to sort human cells according to their
stiffness, a property that may one day help
doctors identify certain diseases in patients, according to a new study.
The new technology is being tested in a small
device, about 1 inch wide by 1.5 inches long. Cells
are injected into a microfluidic channel on one side
of the device. As the cells move through the channel, they are forced to squeeze over a series of ridges
fabricated at an angle to the channel. If the cells are
very flexible, they will easily squeeze over the ridges
and follow the fluid stream. But if the cells are stiffer,
when they hit a ridge, they will slide along the ridge
before squeezing over it, causing the cells to move to
one side, separating them from the softer cells.
The ridges of the device eventually separate a
single stream of cells into two streams depending
on the cells’ stiffness, which in some cases can be an
indicator of a disease.
“If you imagine a microfluidic channel that is
focusing a stream of cells, you’ll push the cells in
different directions based on their mechanical
properties,” said study co-author Todd Sulchek, an assistant professor in the George W. Woodruff School

of Mechanical Engineering at Georgia Tech. Sulchek
specializes in studying the mechanical properties
of cells.
Sponsored by the National Science Foundation,
the research was published October 16, 2013, in the
journal PLOS ONE.
“There are no real techniques to sort cells by
stiffness right now in large numbers,” said Alexander
Alexeev, also an assistant professor in the Woodruff
School. Alexeev is an expert in fluid mechanics and a
co-author on the study. A few other research groups
are working on microfluidic approaches to sorting
cells by stiffness, but Sulchek and Alexeev believe
their technology will be quite sensitive.
“There are several microfluidic approaches, but
there’s not a real device yet,” Alexeev said. “The main
problem is how to sort cells very rapidly because if
we are looking at cancer cells, there are very, very few
of them. So we need to look at thousands of millions
of cells to capture maybe a hundred cancer cells.”
The technology can sort cells at speeds similar to
other cell sorting devices, such as a fluorescently activated cell sorter machine, which is commonly used
in research labs.
To show that their device can successfully sort

CO N TAC T S
cells based on stiffness, the researchers made
some cells artificially soft, then labeled them
with a different color so they could find them
later. After running the cells through their
device and analyzing the separated cells by
color, they found that the artificially soft cells
were separated from the other cells. Then the
researchers used atomic force microscopy to
probe the cells’ mechanical properties to make
sure they were actually different.
The researchers tested four different commercially available cell lines. White blood cells
sort by stiffness particularly well, the researchers reported. The research team will now work
on using their device to separate cancer cells,
malaria-infected cells and sickle cells.
“We’re assured the device is very sensitive
to say that the soft cells are all soft, but what we
don’t know is whether all the disease cells are
soft,” Sulchek said.
Aside from testing for disease, the cell stiffness
sorter could also be used as a method for purify-

ing and enriching an undifferentiated stem cell
population from the differentiated cells, which
would be useful for laboratory scientists.
“This is also a useful tool for just basic research and understanding what the
effect of specific disease is on cell mechanics,”
Alexeev said.
Gonghao Wang, a Ph.D. student in Sulchek’s
lab, is the first author of the study.
CITATION: Wang G., Mao W., Henegar C.,
Alexeev A., and Sulchek T. “Stiffness dependent
separation of cells in a microfluidic device.”
(PLOS ONE 8(10), e75901, 2013.) rh
This research is supported by the National Science Foundation under
award CBET-0932510. Any conclusions or opinions are those of the authors and do not necessarily represent the official views of the NSF.
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“

I f you imagine a microfluidic
channel that is focusing a
stream of cells, you’ll push
the cells in different directions based on their mechanical properties.

”

— Todd Sulchek, assistant
professor in the George
W. Woodruff School of
Mechanical Engineering

Researchers have developed a new technology to sort human cells
according to their stiffness, which might one day help doctors identify
certain diseases in patients, according to a new study.
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Materials research is a major
priority at Georgia Tech that
involves some 200 faculty
members across a broad
range of schools, colleges and the Georgia Tech
Research Institute (GTRI).
Major research areas include
materials for electronics,

Accelerating Materials
Discoveries:

infrastructure, energy, environment, transportation,
biotechnology, aerospace

Researchers Convert Basic Discoveries in Materials Science and
Engineering to Real-World Applications

and defense.

By Rick Robinson
This strain sensor, made with
carbon nanotubes using
aerosol printing technology,
was developed by professor
Chuck Zhang of the School
of Industrial and Systems
Engineering to help the
aerospace industry improve
the quality of parts made with
composite materials, while
also lowering production
costs and ensuring long-term
structural integrity.
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hen scientists and engineers use the word
materials, they mean any naturally occurring substance manipulated by humans
to make things. Beginning with the first metals, discovered by trial and error thousands of years ago, the drive
to develop materials that better serve human needs
has played a central role in the rise of complex societies.
Modern researchers have moved past haphazard
experimentation. Today they examine materials at
every level – from the nanoscale to the visible and
tangible macroscale – to understand why a material
behaves as it does.
At Georgia Tech, investigators unite research capabilities with powerful new tools to develop and
characterize novel materials. By pinpointing the
complex physical and chemical interactions that
control performance, they are creating materials
with unique properties.
The White House recently stressed the economic
importance of materials expertise when it launched
the Materials Genome Initiative, aimed at speeding
the pace with which advanced materials move from
discovery to industry applications. Georgia Tech is
well-positioned with the Institute for Materials (IMat),
established in 2013 as one of nine interdisciplinary
research institutes on campus.

Interdisciplinary collaboration is a critical concept
at Georgia Tech, explained David McDowell, a Regents’ Professor who is founding executive director
of the new institute. Accordingly, IMat is emphasizing collaboration throughout campus and beyond.
“At Georgia Tech we have some 200 faculty who
focus on materials research,” said McDowell, who is
the Carter N. Paden Jr. Distinguished Chair in Metals Processing in the Woodruff School of Mechanical
Engineering, with a joint appointment in the School
of Materials Science and Engineering. ”They tackle a broad range of areas including materials for
electronics, infrastructure, energy, environment, transportation, biotechnology, aerospace and defense. The
very breadth of that research makes multidisciplinary
collaboration both possible and desirable.”
The campus is home to numerous interdisciplinary materials groups – including the Materials
Research Science and Engineering Center, the Center for Organic Photonics and Electronics, and the
Institute for Electronics and Nanotechnology – that
bring together dozens of faculty researchers to focus
on core problems.
Materials research at Georgia Tech addresses every
type of material, including metals, ceramics, polymers,
textiles, composites, nanomaterials, bio-molecular sol-

ids – even familiar yet indispensable concrete. And
cutting-edge structures that combine very different materials can offer unique capabilities – as in
the case of spider silk and graphene oxide, which
yield a light, flexible material stronger than steel.
“In the past, materials progress was highly
empirical, based largely on trial and error,” said
professor Naresh Thadhani, chair of the School
of Materials Science and Engineering, which is
the largest single locus of materials research at
Georgia Tech, with 37 full-time faculty and 20
courtesy faculty appointments. “That approach
is now widely regarded as excessively slow
and costly.”
Instead, Thadhani explained, researchers are
using microstructural tools, including optical and
electron microscopes and neutron and X-ray scattering techniques, combined with time-resolved
experimentation, mathematical and numerical
modeling and computational simulations, to
characterize materials. The aim is to predict how
they’ll perform in real world applications, to accelerate the pace from discovery to deployment.
The ability to develop new materials for

advanced manufacturing is essential to the
United States, said Stephen E. Cross, executive
vice president for research at Georgia Tech. In
the new global economy, novel materials will
be a key to the nation remaining competitive.
“From the day it opened, Georgia Tech has
stressed support for industry, and interdisciplinary research is something we believe in very
strongly as well,” said Cross. “I’m confident that
our broad materials research capability, fostered
by our Institute for Materials, can deliver innovations that will promote economic growth for
both the state of Georgia and the nation.”
This article presents an overview of materials
work at Georgia Tech, focusing on a few of the
many innovative research projects underway. Research related to materials in biotechnology and
biomedicine will be described in a later issue.

Improving Materials for
Extreme Conditions
Ensuring Engine Dependability – Everyone wants to be confident that jet engines are
completely dependable. Richard W. Neu, a pro-
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Professors Naresh Thadhani (left) and David Bucknall, both from the School of Materials
Science and Engineering, examine samples of polymers and metals that were fired against
a steel target from the gas gun behind them. They use a high-speed camera to monitor the
dynamic deformation of each sample as it hits.
Photo: Gary Meek
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Krista Walton (left), an associate professor in the School of Chemical and Biomolecular
Engineering, and Ph.D. student Michael Dutzer, discuss surface area analysis for a
metal organic framework. Walton and her team design materials for gas-mask-type
devices and larger filters that protect against toxic industrial chemicals.
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fessor in the Woodruff School of Mechanical Engineering, studies
the details of exactly this issue.
With funding from the Department of Energy and several multinational corporations, Neu has focused on fatigue and fracture
of metallic alloy systems for nearly two decades. He specializes in
high temperature fatigue and fracture behavior – how the microstructure of highly stressed metal parts changes over time.
“We’re developing models to capture the evolution of gas turbine
engine parts over time, so we can predict how that microstructure
will change with operational conditions,” said Neu, who directs the
Mechanical Properties Research Laboratory at Georgia Tech.
Neu and his research team are studying gas turbine engines for
both aerospace use and for land-based power generation. In both
cases, gases in excess of 1,400 degrees Celsius – higher than the
melting point of most metals – require active cooling strategies
and parts made of special alloys to survive these harsh conditions.
In such demanding environments, the high temperatures and
stress always take a toll, Neu said.
“Among other investigations, we’ve taken a used engine blade, in
service for about three years, and compared its microstructure to an
unused blade,” said Neu, who also teaches in the School of Materials
Science and Engineering. “And I can tell you, they’re vastly different.”
What’s more, he said, the differences are not uniform. The microstructure of engine parts can vary dramatically depending on

the combined temperature and stress cycles – meaning exactly
how and when the parts encountered temperature and stress.
Neu simulates these complex thermomechanical cycles in the
laboratory to characterize the degradation of the material under
operational conditions.
The materials that Neu tests are typically nickel-based superalloys, which are widely used in gas turbine engines. More recently,
he’s been studying promising new high temperature materials
such as gamma titanium aluminides, which are so lightweight that
they could be revolutionary for aerospace applications.
Understanding Pipeline Degradation – How long a material will last in a given application is always a major concern. Preet
Singh, a professor in the School of Materials Science and Engineering (MSE), is pursuing a number of studies to see how well metallic
alloys stand up to various corrosive environments and stresses.
Singh and his team are looking at the performance of conventional carbon steel pipelines used to transport fuel products such as
gasoline. In work sponsored by the Department of Transportation
and the pipeline industry, he’s addressing the role of corrosion and
stresses in the environmental degradation of steel, which can potentially lead to pipeline failure.
Among other things, he’s studying whether pipeline integrity could be affected by new biofuels.
“Biofuels such as ethanol, bio-diesel, or bio-oils like pyrolosis oil
are becoming increasingly important, so there is concern about
how they may affect pipeline interior surfaces,” he said. “We are
examining the interactions between these chemicals and steel
pipelines – studying factors including stress, internal environment
and the alloy composition – to understand the possible issues and
the ways to mitigate them.”
The problem is a complex one, Singh explains. The iron oxides
– rust – that form when steel begins to corrode may also create a
passive film that can help protect the pipeline interior from being
further damaged by chemicals flowing through.
At the same time, different types of iron oxides display very different characteristics. For example, if iron oxide molecules clump
rather than dispersing smoothly and continuously, or make a defective surface film, then surface protection is greatly reduced.
High flow velocities can injure protective films as well. Damage can also come from the stresses placed on steel as sequential
fuel batches pressurize and then depressurize the pipeline, which
causes low frequency fatigue in these structures.
Results from Singh’s research have shown that a small amount
of impurities such as water, or chlorides in biofuels, can actively affect the extent and mode of corrosion in pipelines as well. Working
with MSE associate professor Seung Soon Jang, Singh is studying
how very small differences in the ratio of water and ethanol can
have a big effect on the corrosion taking place inside a pipe.

In two National Science Foundation-funded projects, Kalidindi is studying development
of lighter weight automobile parts made of
either high-strength steels or new types of
magnesium alloys. Among the challenges is
the need to find technologies that can reduce vehicle weight yet cost no more than
current techniques.
Engineering Adaptive Metamaterials –
In materials research, investigators often alter
structures at or near the atomic scale to change
behavior at the macroscale.
Massimo Ruzzene, a professor in the Guggenheim School of Aerospace Engineering
(AE), takes a different approach. He designs
metamaterials, which are artificial composite
structures that combine two or more components in patterns that give them properties not
found in materials derived from nature.
In a metamaterial, the geometry of the constituent parts lets it react to incoming wave energy
– such as electromagnetic, sound or shock waves
– in unusual ways. For example, traditional materials expand in one direction when compressed
in another direction; a metamaterial could be designed to adapt to the force in a unique way, such
as compressing in both directions.
“From my standpoint, structures and materials are becoming the same thing,” said Ruzzene,
who directs AE’s Vibration and Wave Propagation Laboratory. “We work on what you might
call atomically inspired structures. Rather than
manipulating things at the molecular level, we
look at molecules for design ideas – for concepts we can use at the larger scales to design
artificial composite materials with geometries
that give them unique properties.”
For instance, molecules at the smaller scales
often realign under a stimulus, such as heat. In
a metamaterial, that realignment might be imitated to improve the macroscale functioning
of, say, a lattice structure that’s good at dissipating incoming energy but has poor strength.
To achieve this, researchers could add in elements – such as aluminum, rubber or simply air
– which are carefully placed into the lattice geometry. These inclusions would enable the structure
to change dramatically when exposed to a given
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Exploiting
Microstructure
Data
– Advanced metal alloys have become indispensable in various emerging technologies
– especially where extreme conditions demand
new levels of performance and lighter weight.
But developing novel alloys is difficult without
a thorough understanding of metal microstructure.
“We can no longer afford to depend on the
element of luck in developing materials,” said
Surya Kalidindi, a professor in the Woodruff
School of Mechanical Engineering. “Today, interdisciplinary research has enabled us to capture
materials knowledge that makes it much easier for the designer or manufacturing engineer
to understand the microstructure – and this
knowledge lets them deploy new technology
much faster.”
In projects funded by the Department of
Defense, Kalidindi and his team are researching
ways to improve lightweight structural metals
used in the transportation sector. The goal is
to increase operating temperatures in service,
which would translate to higher efficiency and
major fuel savings.
But developing new alloys requires more
than familiarity with the relevant metals
chemistry, Kalidindi explained. The materials
designer needs to understand how the crystals within a metal alloy fit together at the
micron level, an interaction that has far-reaching effects on properties.
The solution is a computer database containing in-depth information on the internal
makeup of many different materials, he said.
The data on these properties are derived from
experiments conducted by Kalidindi and many
other researchers.
“In some ways you can compare this approach to a fingerprint database, where you
can quickly compare a new print coming in
to similar ones based on its characteristics,”
he said. “We have developed techniques that
allow us to represent each microstructure’s
characteristics three-dimensionally, so we can
look at a new material and see how it is similar
to structures on which we already have detailed information.”
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Researchers Brent Wagner (left) and Zhitao Kang of the Georgia Tech Research Institute display
several glass-matrix nanocomposite samples. The computer monitor on the right shows
photonic crystal structures fabricated on glass. These materials convert incoming radiation into
light using the process of scintillation.
type of stress, altering overall behavior and changing the directionality
of incoming stress waves.
In one federally funded project, Ruzzene is developing a structure with both high stiffness and high damping – a demanding
task because these properties conflict. Ruzzene and his team decided to decouple the two requirements, creating a structure that
is stiff on the outside but uses resonating structures inside to damp
out problem frequencies.
This approach could be useful in reducing structural fatigue
caused by continual flexing in aircraft. The research team has developed an aluminum beam that fits inside an aircraft wing. The
metamaterial design lets it carry a load and stiffen the wing, while
also drastically reducing vibrations by means of damping in the
critical range of 8 to 10 hertz.
Modeling Materials Behavior – Tests that show when a material will fail are critical to reliable engineering applications. The
problem is that such tests are generally complex and expensive.
They’re also time-consuming, slowing the insertion of new material designs into real world applications.
Julian J. Rimoli, an assistant professor in the Guggenheim

10

School of Aerospace Engineering (AE), works in the field of computational solid mechanics, which investigates the behavior of any
solid material – including metals, ceramics, polymers, composites
and metamaterials – through advanced modeling and computational techniques. In particular, he is interested in the formulation
of models that can dependably predict the life of materials in extreme environments.
“Traditionally, engineering models of degradation, wear,
damage, and failure of materials are phenomenological. This phenomenological approach implies that models are formulated to fit
experimental observations,” he said.
While this approach is good enough in many situations, he
added, it is inherently not predictive. In addition, this approach
does not provide any physical insight on why a material may have
certain properties.
Rimoli specializes in the formulation of physics-based predictive multiscale models that link microstructure to mechanical
behavior. His research aims to design new classes of materials that
are more resistant to extreme conditions.
In one Air Force-sponsored project, Rimoli is trying to under-

charge and discharge. Zhou is developing models that outline approaches for improving the reliability of silicon-based anodes by
taking advantage of the size dependence of coupled mechanical
chemical diffusional processes in the materials.

Novel Next-Generation Composites
Increasing Composite Material Integrity – Composites
such as carbon fiber reinforced polymers are impressively light and
strong, but they don’t have the track record of older materials like
steel. Chuck Zhang, a professor in the Stewart School of Industrial
and Systems Engineering, is working with aerospace companies to
increase the quality of composite parts while lowering production
costs and ensuring structural integrity long term.
“Unlike steel parts, which can be stamped, composites generally require time-consuming molding and curing processes,” Zhang
said. “We are researching methods for shortening the composites’
manufacturing time while improving the quality of finished parts
– and also adding a self-sensing capability that can perform structural health monitoring.”
Detecting problems and flaws during composite manufacturing and service is critical because such flaws can go unseen
and lead to sudden failure. To guard against such flaws, as well as
long-term structural fatigue problems, Zhang is working on novel
methods for making composites with tiny built-in sensors that
could monitor both the manufacturing process and composite
structural integrity during service.
Conventional strain sensors – usually thin films of metal –
would constitute a foreign body within the polymer composite
itself, he explained. Their presence could affect integrity and lead
to adverse delamination of composite layers.
Zhang uses special aerosol jet printing equipment to fabricate
tiny sensors directly on composites using conductive inks comprised of carbon nanotubes, graphene or metal particles. These
sensors – with feature sizes of about 10 microns – are far smaller
than conventional strain sensors. They have more choices for ink
materials and can be printed on substrates of various materials and
shapes, which allow them to be more conformal, versatile and easily embedded. Their tiny size could let manufacturers build large
numbers of them into polymer composites without disturbing
structural integrity.
In other research, Zhang is working on a prosthetics-related
project with Ben Wang, who is executive director of the Georgia Tech Manufacturing Institute (GTMI). The researchers are
participating in the Socket Optimized for Comfort with Advanced
Technology (SOCAT), a $4.4 million Department of Veterans Affairs
contract led by Florida State University.
The effort addresses prosthetics shortcomings to benefit those

CONTINUED ON PAGE 13

Winter - Spring 2014 • Vol. 31, No. 1

stand the leading erosion mechanisms in plasma thrust engines,
which can be used to propel satellites.
His research shows that there are more erosion mechanisms
than previously thought, such as mesoscale formation of interand intra-granular thermal cracks that play a prominent role in the
premature wear of such components. These models are currently
being used to tailor the microstructure of families of heterogeneous ceramic compounds to better withstand the demands of a
plasma environment.
Materials Reliability in Structures, Infrastructures and
Energy – Professor Min Zhou of the Woodruff School of Mechanical Engineering (ME) studies the effects of mechanical, thermal
and chemical loading on the behaviors and reliability of structural,
infrastructural and functional materials, such as metals, ceramics,
semiconductors and composites. One focus involves high strain
rate mechanical loading, which can come from several causes,
including high-speed machining, impact, penetration, and the explosion of energetic materials.
As part of a federally funded project, Zhou has built a laboratory in the Georgia Tech Manufacturing Institute to investigate
how ship structures respond to the effects of underwater explosions. Using a special gas-driven gun, he generates high-pressure
waves through water and uses the impulsive loads to analyze the
resulting fluid-solid interactions with high-speed digital cameras
and laser interferometers.
The goal is to develop new materials for ship construction.
Under special consideration are sandwich structures, which are
polymer-based composites that are lightweight, inexpensive and
highly corrosion resistant.
But such materials must also be highly resistant to heavy
weather, encounters with reefs and other threats. Using both
experiments and computer simulations, Zhou is designing composite structures that could meet these requirements.
In another project, sponsored by the Army and the Department of Homeland Security, Zhou is working with ME professor
David McDowell on infrastructure materials that could offer increased protection against earthquakes, as well as terrorist attacks.
The team is using both large-scale experiments and computational modeling techniques to study ultra-high-performance concrete
designs that use novel metal fibers for added strength.
Zhou also studies a range of issues related to materials in energy applications. In a project sponsored by the National Research
Foundation of Korea, he is addressing problems surrounding the
use of silicon to replace graphite in next-generation high-capacity
rechargeable lithium ion batteries.
Silicon is a highly desirable replacement for traditional graphite as anodes in lithium-ion batteries, because of its much higher
lithium storing capacity. However, it is more prone to mechanical failure through cracking due to large volume changes during
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ormed by four faculty members in 2003, the Center for Organic Photonics and Electronics (COPE) performs research
in a challenging but promising field: the use of organic
materials to build photonic and electronic devices. These
lightweight, low-cost plastics represent a new direction for a
field dominated by devices based on silicon and a few other
inorganic materials.
Today, COPE includes 36 Georgia Tech faculty members
from seven different schools in a highly interdisciplinary approach to research, innovation and student training. Nearly 150
graduate students, undergraduates and postdoctoral researchers also work within COPE.
The center has extensive shared facilities for computing,
chemical synthesis and materials characterization, along with
device fabrication and testing. COPE has attracted more than
$66 million in funding since its start; sponsors include the
National Science Foundation, Department of Energy, Department of Agriculture, several Department of Defense agencies,
the King Abdullah University of Science and Technology, the
international chemical group Solvay, and numerous others.
“Once you can develop and validate organic semiconductors,
you can build any solid-state device that could be made traditionally with inorganic semiconductors,” said Bernard Kippelen, a
professor in the School of Electrical and Computer Engineering
who is COPE’s director. “But to do all this, you need expertise that
goes beyond the conventional disciplines of chemistry or physics
or material science or electrical engineering.”
That, he added, is why COPE was interdisciplinary from the
start. A physicist by training, Kippelen helped found the center
along with three chemists – Jean-Luc Brédas, Seth Marder and
Joseph Perry – who are professors in the School of Chemistry
and Biochemistry. Today, COPE researchers are among the leaders in developing novel organic materials for 3-D microfabrication, photonic computing, solar cells and other applications.
Kippelen is also president of the Lafayette Institute at Georgia Tech-Lorraine in Metz, France. The Lafayette Institute, which
benefits from 31 million Euros in financing from the French
government, provides new opportunities for COPE in Europe
due to its focus on technologies at the intersection of materials,
optics, photonics, electronics and nanotechnology.
“At this point COPE, through its many different interactions,
is literally part of a global network,” said Marder, a Regents’

Professor who was the center’s founding director and is
now associate director. “That gives us not only a process for
productive collaboration worldwide, it also provides a rich
opportunity for my students to get real-world training that
prepares them for a future in which research is becoming
more and more interdisciplinary.”
The physical advantages of organic devices include light
weight, flexibility, and puncture and shatter resistance. The
manufacturing advantages include low cost; unlike conventional semiconductors, organic thin films can be processed at
room temperature onto a variety of common materials using
conventional large area coating and printing technologies.
Organic materials can be used for semiconducting, insulating or conducting applications. Among those becoming commercially viable or in development are:
• Organic light-emitting diodes that are long lived, environmentally friendly and able to be used in flexible sheets over
large areas. Such devices are starting to be used in cell phones
and TV displays, as well as in solid-state lighting applications;
• Organic solar cells that are lightweight, flexible and
shatterproof, making them easy to install and maintain; entire
photovoltaic sheets could be readily recycled when worn out;
• Organic dielectrics and hybrid materials for high energy
density electrical storage with fast charge and discharge times.

COPE research highlights include:
Nonlinear optical properties and materials – When
light in the form of intense laser pulses hits certain materials, it produces a range of nonlinear effects. Marder and Perry,
collaborating with Brédas and Kippelen, study ways to use nonlinear optical properties to fabricate novel three-dimensional
structures at the nanoscale, and also to use those materials to
pursue novel applications.
In one line of investigation, they’re collaborating with
research teams from Georgia Tech and other universities to
study how novel materials can advance photonic computing,
a technology that uses light – photons – for interconnects and
some all-optical computing functions. The aim is photonic
computing capabilities that could offer greatly increased speed
and bandwidth, along with much lower power consumption.
Electrochromic polymers – Professor John Reynolds, who
recently joined the School of Chemistry and Biochemistry, the

School of Materials Science and Engineering, and COPE, has developed a family of polymers that are electrochromic – electrically color-changing. A thin film of these plastics can be printed
or sprayed onto a substrate, such as conductive glass or plastic;
applying an electrical charge can then switch them instantly
from clear to a specific color. The voltage of the applied charge
dictates the color intensity.
Unlike other electrochromic techniques, this technology
offers memory. That means the color remains when the charge

reacts, reducing the time it takes to cure,
and potentially reducing the amount of
cement needed to build a structure.
The team is also studying the role of
titanium dioxide and concrete’s nanostructure in potentially reducing nitrogen
oxide effects. Nitrogen oxides, a group of
compounds that are major byproducts
of vehicle emissions, can damage human
health. Tailoring the interactions between
concrete and its environment could lead to
new approaches for improving air quality.
Among several other projects, Kurtis
is working with NSF support to develop
better statistical and probabilistic descriptors of concrete and its constituents, with
a focus on nanoscale and micron-scale
porosity. Concrete is heterogeneous, she
explained, and its composition varies on
multiple scales, from coarse aggregate

- Rick Robinson

to paste. Data on these related factors
can be used in computer models to predict performance.
“An exciting thing about being at
Georgia Tech is that you’ve always got
one foot in science and one foot in practice,” Kurtis said. “You want to make sure
that what you’re doing is relevant to the
broader needs of society.”
Improving Medical Imaging – At
the Georgia Tech Research Institute (GTRI),
a composite developed for radioactive
materials surveillance is being adapted for
medical imaging applications. The goal is
a new technology – the transparent nanophotonic scintillator for X-ray imaging
– that exposes patients to less radiation
while producing higher resolution images.
The basic technology development
was led by GTRI researchers Brent Wagner

Nazanin Bassiri-Gharb, an assistant professor in the School of Mechanical Engineering, holds
a ferroelectric thin film that’s patterned so that its piezoelectric properties can be measured
by a double beam laser interferometer, shown to the left in the background.
Photo: Gary Meek
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who have lost limbs to injury or disease.
The GTMI team is developing tiny printed
sensor devices to monitor health- and
comfort-related conditions in the socket where a patient’s limb connects to
a prosthesis.
Zhang is also collaborating with researchers Xiaojuan (Judy) Song and Jud
Ready of the Georgia Tech Research Institute to develop innovative sensors and
photovoltaic devices.
Enhancing a Universal Material –
Kimberly Kurtis, a professor in the School
of Civil and Environmental Engineering,
is pursuing multiple research projects
involving a ubiquitous composite material: concrete.
Her research involves studies that
range from chemistry and structure at
the nanoscale to appraising massive
structures such as dams and buildings at
the macroscale.
“Our work is very multiscale, and
like other materials researchers, we’re
constantly trying to better define the
relationship between structure and properties,” said Kurtis. “To do that, we study the
broader class of all cement-based materials – not just concrete but anything that
contains a mineral, non-biological cement
– to link the chemistry of various cements
with their structural performance.”
In one National Science Foundation
(NSF)-sponsored project, Kurtis and her
team studied the use of titanium dioxide nanoparticles as partial replacements
for cement. They found the material significantly alters the way that the cement

is turned off, saving power. In addition, Reynolds’ technology is
unique in offering any color needed, and has been licensed by
the BASF Corp.
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David McDowell, a Regents’ Professor in the School of Mechanical Engineering,
with a joint appointment in the School of Materials Science and Engineering,
is executive director of the Georgia Tech Institute for Materials (IMat). IMat was
launched recently to foster materials-related research at Georgia Tech.
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and Bernd Kahn with Department of Homeland Security funding.
The team created a unique composite made of nanoparticles of
rare earth materials dispersed evenly in a silica matrix. The glasslike material detects gamma rays by converting them to visible
light via a phenomenon known as scintillation.
A similar approach is now being developed under a National
Institutes of Health-funded project led by GTRI senior research engineer Zhitao Kang, a member of Wagner’s research group. Kang is
using the same basic scintillator material – nanoparticles in a glass
matrix – to produce a clearer image with far less light scattering
than conventional X-ray imaging scintillators.
To improve the technology further, Kang and his team have
been working with professor emeritus Christopher Summers of
the School of Materials Science and Engineering to add a layer of
photonic crystals to the scintillator’s surface. The photonic crystals
– basically a pattern of tiny holes tuned to a specific light frequency – help direct light out of the scintillator and thus increase
light output.
“Our scintillator – the nanoparticles in glass – gives us high
resolution, while the photonic crystals increase the light collection
efficiency, which means we get more light out of the X-ray,” Kang
said. “These are the two properties you want – a better image, along
with high efficiency so you don’t need to use so many X-rays.”
Kang pointed to an added benefit of the nanophotonic approach: GTRI’s glass-like scintillator materials could be made in

large sheets, just like industrial glass. That would decrease manufacturing overhead and make the technology less costly.
Kang and his team are also collaborating with Oak Ridge National Laboratory and a German national laboratory to modify
GTRI’s scintillator so that it can detect neutrons. The researchers
are adding neutron-detecting materials – varieties of lithium and
boron – that can absorb incoming neutron energy and convert it
to light via the scintillation process.
Advancing Carbon Fibers – Carbon fibers are stronger and
lighter than steel, and composite materials based on carbon fiber
reinforced polymers are used in an ever-expanding range of applications. The Boeing 787 aircraft employs carbon fiber materials
extensively in its fuselage, wings, tail and other sections. Carbon
fiber composites are utilized in civil engineering and construction,
and in many consumer products.
Yet today’s carbon fiber materials have a long way to go before
they achieve their full potential, said Satish Kumar, a professor in
the School of Materials Science and Engineering. He is leading a
four-year, $9.8 million project sponsored by the Defense Advanced
Research Projects Agency (DARPA) to improve these materials using nanotechnology in the form of carbon nanotubes.
“It’s likely that carbon fiber materials could be about 10 times
stronger than they are presently, so there is tremendous room for
further improvement in their tensile and other structural properties,”
Kumar said. “By using carbon nanotubes to reinforce carbon fibers,
our objective is development of a next-generation carbon fiber with
double the tensile strength of today’s strongest carbon fibers.”
In an advanced laboratory established for the current project, Kumar and his team are optimizing techniques for converting polymeric
materials into high-strength carbon fiber, using a multi-stage process.
Untreated polymers contain carbon, hydrogen, oxygen and
nitrogen, Kumar explained. They can be made into carbon fiber
via a selective treatment process called pyrolysis, in which a polymer mix is gradually subjected to both heat and stretching. This
treatment eliminates large quantities of hydrogen, oxygen and
nitrogen, leaving an increased amount of carbon that makes the
fiber stronger.
Kumar modifies this process by adding carbon nanotubes –
about one percent by weight – to the polymer mixture before
pyrolysis. Among the challenges is finding the best methods for dispersing the carbon nanotube solution uniformly in the polymer mix.
“If the mixing process is fully successful, the carbon nanotubes
will reorient the crystals within the polymer in a uniform direction,”
he said. “The altered molecular structure has the potential to make
the resulting carbon fiber much stiffer and stronger.”

Materials for National Defense and
Homeland Security
Deployable Chemical Sensing – Carbon nanomaterial-

based chemiresistors are useful for environmental monitoring
and agricultural applications.
Xiaojuan (Judy) Song, a senior research scientist at the
Georgia Tech Research Institute (GTRI), has developed sensing
technology that uses functionalized carbon nanotubes to detect
minute amounts of chemicals in ambient air. Combined with
radio frequency identification (RFID) electronics, this material
could be used to make low-cost sensors that give advance warning of threats.
“We are using carbon nanotubes (CNT) that have been functionalized for a particular gas or analyte, applied as a sensing film,”
said Song, who is the principal investigator on the project. “Sensors based on these materials could be used in the field by the
thousands to inform first responders about nearby hazards.”
Working with graduate student Christopher Valenta of the
School of Electrical and Computer Engineering, Song has developed a prototype sensor array integrated with an RFID chip that
is 10 centimeters square. The next step might be a prototype as
small as a one centimeter square, with sensing tips that could be
aerosol jet printed on paper or a flexible substrate.
The RFID-enabled CNT-based wireless sensors could also be
valuable for monitoring air pollution, she said. Low-cost sensing
systems that detect trace ammonia, nitrogen oxides and other
targeted gases could also be fielded in large numbers for agricultural applications, such as providing information on fertilizer
usage and early detection of plant disease.
Building Better Body Armor – Robert Speyer, a professor
in the School of Materials Science and Engineering, performs ex-

Winter - Spring 2014 • Vol. 31, No. 1

xx

tensive research on the body armor that protects U.S. troops.
He also builds it.
His Atlanta-based Georgia Tech spinoff company, Verco Materials LLC, produces ceramic armor made primarily from boron
carbide. Using patented processes, Verco has for several years
been producing armor for research and development, as well as
for actual protective equipment. To date, Verco has received some
$6 million in contracts to expand the company and its capabilities.
Verco recently started work to improve side armor plates,
which are used by U.S. troops to augment the protection offered
by the familiar front torso plates.
“The most important objective in ceramic body armor is to
have high hardness, so that the armor will not flow out of the
way of the projectile. Instead, the projectile is forced to dwell at
the surface, collapsing on itself and mushrooming out as it loses
its energy,” Speyer said. “Our armor is really impressive in that regard, which is allowing us to develop armor at reduced weight
that still defeats armor piercing rounds.”
Verco now has two 6,000-square-feet manufacturing locations in Atlanta, not far from the Georgia Tech campus. One
location includes a massive 1,700-ton press capable of making
powder compacts of full torso armor plates.
Among the challenges that Verco has overcome is a need to
find less expensive boron carbide powders to use in making armor plate. The team solved that problem by devising a different
formulation with an even higher hardness.
“Our ballistics results are disruptively good,” Speyer said. “As
we scale up, we’re focusing on the need to keep our costs com-

Robert Speyer, a professor in the School of Materials Science and Engineering, displays ceramic
body armor panels produced at his Atlanta-based company, Verco Materials LLC., using patented
processes he developed at Georgia Tech. Behind him is a 1,700-ton uniaxial hydraulic granulated
powder compaction press.
Photo: Gary Meek
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Kenneth Sandhage, a professor in the School of Materials Science and Engineering, uses tiny diatoms
– a type of single-celled algae – to make unique materials. Here he points to an electron microscope
image of a silica glass microshell produced by the Coscinodiscus diatom; the container to his left
contains a culture of diatoms that can reproducibly generate such microshells.
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petitive as well.”
Trapping Chemical Threats – Since World War I, the U.S.
military has used protection equipment – including gas mask-type
devices and larger filters – to protect against possible chemical agents. Krista Walton, an associate professor in the School of
Chemical and Biomolecular Engineering, works to ensure that U.S.
air purification technology is equal to any class of chemicals, novel
or conventional.
Walton and her research team focus on designing materials
that are effective against a broad class of compounds called toxic
industrial chemicals (TICs). They have developed porous materials
that are designed to adsorb incoming TICs, protecting personnel
against their effects for extended periods of time.
“There are a number of materials that for decades have protected effectively against many different chemicals,” Walton said.
“Our work centers on finding ways to enhance filtration devices,
to be sure they can also handle any new air purification challenges
that emerge.”
With funding from the Defense Threat Reduction Agency and
the Army Research Office, Walton and her research group are developing nanostructured porous materials that can effectively capture
additional toxic chemicals. The goal is to improve performance in
devices that range from gas masks to filters that protect the airintake equipment used in buildings.
One of the group’s principal research efforts focuses on metal organic framework (MOF) technology. These hybrid materials,
which use both inorganic and organic parts, are designed to trap

specific molecules that could be hazardous.
In this approach, organic ligands – molecules that bind to metal
atoms – are modified to target one specific incoming molecule but
not others. Several different ligands can be mixed together to protect against a range of different chemicals.
Walton uses a variety of tools, including powder X-ray diffraction and gas adsorption analysis, to characterize the materials she
develops. The aim is to pinpoint materials with the most promise,
which are then selected for more extensive testing.

Materials Derived from the Natural World
Utilizing a Bio-Factory – Natural structures can be far more
complex than anything developed synthetically. Kenneth Sandhage, who is the B. Mifflin Hood Professor in the School of Materials
Science and Engineering (MSE), is using tiny diatoms – a type of
single-celled algae – to make unique materials with a variety of potential applications.
In nature, there are an estimated 100,000 species of diatoms,
ranging from a few micrometers to several hundred micrometers
in size. Each species creates a unique three-dimensional frustule, or
micro-shell, out of silica, a material also used to make glass.
Once researchers identify a diatom configuration that holds
promise for a specific application, that species may be allowed to
reproduce in a laboratory culture. In 80 reproduction cycles, one
parent diatom can produce more than a septillion daughters of
similar three-dimensional structure.
“It’s massively parallel self-assembly, under precise 3-D control,

frequency of the incoming light.”
The potential applications of this National Science Foundationsponsored research are broad, he said. One involves camouflage
that would vary with the background. Others might center on long
lasting commercial materials that could produce a brilliant color, or a
range of shifting colors, using nanostructures rather than dyes.
In explaining nanostructure-based coloring, Srinivasarao
pointed to the case of a butterfly that is not green but can make
itself appear so.
Green is an excellent color choice for an insect living in foliage, but it’s also a difficult color for many creatures to generate in
the natural world. The butterfly in question achieves this protective hue by mixing yellow and blue wavelengths together.
In another instance, one type of beetle can produce both
green and yellow by depositing chitin, a natural polymer that occurs in its exoskeleton, in the manner of a helix. The pitch of that
helix – the width of one complete turn – is about 300 nanometers.
At the same time, the exoskeleton’s index of refraction – a
measure of how light propagates through it – is approximately
1.5. The interaction between the pitch, the index of refraction
and incoming light simulates the color green.
“There are no dyes, no pigments,” said Srinivasarao. “If you
look at the 300-nanometer spacing in between these lines here
on the beetle’s shell, that’s on the right order of magnitude to
provide the green reflection.”
Developing Hybrid Nanomaterials – Vladimir Tsukruk, a
professor in the School of Materials Science and Engineering, is
studying ways to put organic and inorganic materials together
to create new functionality. Specifically, he unites “soft” materials
– biologically derived polymers and organics – with “hard” materials such as noble metals and other inorganic structures.
“Our approach involves developing what can be called bioinspired materials – based on examples from nature – that have
unusual physical properties,” Tsukruk said. “Soft materials and
hard materials have unique sets of properties, but by combining
them you can get something much more intriguing.”
Tsukruk and his research team are studying ways to interface
such disparate materials so that they function together productively. A host of problems – including clear mismatches in
physical properties, molecular structure and other characteristics
– make the work challenging, he said.
In one project, Tsukruk is combining genetically modified
spider silk – one of the toughest materials in nature – with ultrathin films of graphene oxide to form a layered nanocomposite.
By alternating layers of the two materials, 20 percent graphene
and 80 percent silk, he aims to unite graphene’s strength with
the toughness and elasticity of the silk.
A paper on this work, funded by the Air Force Office of Scientific Research, was published in April 2013 in the journal Advanced
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that can be accomplished in a wide variety of shapes by using
different diatom species,” Sandhage explained. “There’s no manmade approach that can accomplish such massively parallel
3-D assembly in such a range of complex patterns under ambient conditions.”
To make useful structures, the next step involves synthetic
chemical processes, as the complex but delicate silica shell is
replaced with a more desirable functional material suitable for
a particular application. Sandhage and his research team have
made ceramic and polymer replicas of diatom frustules composed of, for example, titanium oxide, magnesium oxide, silicon
carbide, carbon, and barium titanate. They’ve also made replicas
from silicon and other elements such as copper, silver, gold, platinum and other metals.
In one project, Sandhage and his team have worked with
Meilin Liu, a Regents’ Professor in the School of Materials Science
and Engineering, to use a diatom-derived material in polymer
electrolyte membrane fuel cells. To speed up the critical oxygen
reduction reaction in the fuel cell electrode, they placed a catalytic material, consisting of nanometer scale platinum particles,
onto and into a conductive substrate of carbon diatom replicas.
The platinum particles lodged into the fine pores of the carbon
replica cell walls, and went on to catalytically outperform standard
platinum-loaded carbon black, as well as platinum-loaded carbon
derived from silicon carbide.
This superior performance can be traced to the hollow, thin
walled 3-D shape derived from the diatoms, Sandhage said.
The oxygen can readily move inside the tiny hollow structure, so it doesn’t have to travel far to reach the platinum buried
within the thin cell walls. The result is an electrode with far better performance.
Other potential applications for diatom-derived materials include tiny sensors, fast acting drug delivery capsules, rapid water
or synthetic chemical purification, anti-counterfeiting, and hierarchically patterned electrodes for other energy devices.
“Someday, it may become possible to genetically modify the
diatom and basically dial in the 3-D shape that we want, which
would then allow us to tailor the shape as well as the chemistry
for a particular application,” Sandhage said.
Mimicking Biological Nanostructures – Mohan Srinivasarao, a professor in the School of Materials Science and
Engineering, wants to understand how the outer shells of some
creatures, such as insects, create unusual optical effects such as
iridescent colors. He is also investigating how those structures
can be simulated to produce comparable effects.
“We are investigating nature-inspired colors and how to
change those colors dynamically,” said Srinivasarao. “There are
many biological systems that have liquid crystal-like structures
on their bodies, and that lets them create colors by altering the
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Satish Kumar, a professor in the School of Materials Science and Engineering, leads a
DARPA project to improve composite materials that are based on carbon fibers by using
nanotechnology in the form of carbon nanotubes. Here he views magnified carbon fibers.

Materials. And in another study, recently published in the journal
Angewandte Chemie, Tsukruk and a research team demonstrated
a method for writing electrically conductive patterns on flexible
silk-graphene biopaper.
Silk-graphene nanocomposites can have strength comparable to the best steel and the flexibility of conventional paper,
Tsukruk said, while also offering flexibility and lighter weight.
Such materials could be mass produced after certain issues are
resolved, such as obtaining low-cost silks, which could be manufactured through the use of genetically modified bacteria.
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Launching Energy Applications – A critical part of materials
development involves moving technology from the laboratory to
real-world applications. Jud Ready, a principal research engineer
in the Georgia Tech Research Institute (GTRI), brings nanomaterials discoveries to bear on a variety of energy-related and other
components, including solar cells, batteries, supercapacitors and
field electron emitters.
“We research a variety of different ways to use electrons in a
material, with the intention of making a useful device and then
hopefully commercializing that device,” he said.
xxReady and his team have developed a 3-D photovoltaic technology that uses micron-scale “towers” to capture nearly three
times as much light as flat solar cells of the same materials. The

technology – aimed at applications such as satellites, cell phones
and military equipment where limited surface area is an issue – is
now licensed to California-based Bloo Solar Inc.
The research team is presently readying another solar cell
technology that could lower costs while maintaining a useful level of performance. Under this approach, the low-cost elements
copper, zinc, tin and sulfur (CZTS) replace more costly elements
– copper, indium, gallium and selenium (CIGS) – that have been
used in photovoltaics.
“CZTS materials are virtually identical in crystal structure and
manufacturing approaches to CIGS, which costs at least a thousand times more,” Ready said. “So even if CZTS efficiency is only
15 percent versus some 20 percent for CIGS, the CZTS raw material costs a penny as opposed to $10 for CIGS.”
GTRI’s CZTS technology is expected to be installed and tested
on the International Space Station in December 2014. Commercial development of the technology is on the horizon as well;
the researchers are working with VentureLab, a startup company
incubator for Georgia Tech researchers.
Researching Longer Lasting Batteries – A battery that
costs less and lasts significantly longer in laptops, cell phones
or electric cars before recharging would be welcome to both
consumers and industry. Gleb Yushin, an associate professor in
the School of Materials Science and Engineering, is working with
battery materials that could outperform the conventional lithi-

Among other things, Alamgir wants to understand and optimize
the behavior of various elements within a cycling lithium ion cell.
In one important study sponsored by the National Science
Foundation Materials Research Science and Engineering Center
(see sidebar on page 22), Alamgir has investigated the role of oxygen in the creation of electrons in lithium ion batteries. Among
the key issues: whether the oxygen present in battery materials is
participating in the electrochemical reaction as lithium cycles in
and out. If so, that could help explain why fires have occurred in
some large lithium-based batteries.
Alamgir and his team used X-ray absorption spectroscopy to
look inside an operating battery. The work confirmed that oxygen is indeed being created under some conditions during the
charging and discharging process in a lithium ion battery.
“Now we know that fires may start inside a lithium cell even if
there was no puncture in the cell – because there is oxygen participating in the reaction,” Alamgir said. “If we want to make safer
batteries, we must work in a voltage range where the oxygen is
not as active – which varies with temperature – or we must come
up with an alternative cathode material that keeps the oxygen
from participating electrochemically.”
In the area of solar cells, Alamgir is examining the use of new
materials in dye-sensitized solar cells (DSSCs). This type of solar cell
promises lower costs compared to more traditional techniques.
In one approach, he is studying the use of low-cost titanium
dioxide instead of conventional silicon as the light-absorbing
semiconductor in solar cells. By also adding certain dyes that increase light absorption, he has designed a photo-electrochemical
system that could be manufactured more easily and inexpensively than today’s silicon technology.
In other work, Alamgir is looking at materials and methods
that could replace or reduce the use of costly platinum, the
traditional choice as a counter electrode of DSSCs, as well as electrodes in proton exchange membrane (PEM) fuel cells.
One method seeks to limit platinum’s use to ultra-thin films,
consisting of only a few monolayers of the element. Alamgir has
shown dimension-dependent transitions in enhancement of
properties in platinum when it is restricted to layers that are only
a few atoms thick.
Complex Modeling of Nanomaterials – In today’s world,
there’s a pressing need to find the most energy efficient materials.
Seung Soon Jang, an associate professor in the School of Materials Science and Engineering, is using computational modeling
to examine the relationship between structure and properties in
these materials.
“We perform first principles atomistic modeling, which means
we include all the details of a material’s atoms – its hydrogen,
carbon, oxygen and others – without simplifying anything,” Jang
said. “We can then use that highly detailed knowledge to design
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um ion technology common today.
Yushin and his research team are studying several chemistries
that hold promise for future battery technologies. In addition
to ultra-high capacity materials for lithium ion cells, the team is
studying magnesium ion and aluminum ion chemistries, which
can carry more charge than lithium ions, as well as sodium ion
chemistry which may offer reduced cost.
The problem is, the larger the amount of charge on an ion
– which is an atom or molecule that carries an electrical charge
– the greater the potential barriers within the battery’s charging
system. The result is that it presently takes far longer to charge
and discharge batteries built around the non-lithium chemistries.
The Georgia Tech researchers are working on improving these
materials to reach an acceptable rate of charge and discharge.
Yushin also studies supercapacitors, which are energy storage
devices that can charge up in seconds and then deliver energy
quickly. He has developed composite materials that charge at the
same fast rates but store far more energy – a big advantage for
applications such as wind farms, certain hybrid vehicles, military
activities and others.
“These are difficult problems that require long term study to
solve,” Yushin said. “To do this, we are examining the fundamentals of structure and properties at the nanoscale – to learn how
the microstructure of these materials and their chemistry can impact the insertion and extraction of different metal ions.”
Yushin is conducting fundamental studies of ion transport to
advance his work on batteries and supercapacitors. In collaboration with Oak Ridge National Laboratory scientists, he and his
team recently carried out experiments that added to the basic
understanding of ion activity.
The researchers used a technique called small angle neutron
scattering to directly observe how ions behave in certain microporous materials. By directing a beam of high-energy neutrons
on activated carbon electrodes during supercapacitor operation,
they determined how electrolyte composition affected the average ion concentrations in pores of different sizes as a function of
the applied potential.
“In these experiments we gained unique information about
ion adsorption in sub-nanometer pores that nobody else had
obtained previously,” Yushin said. “Understanding these processes better could lead to the development of improved energy
storage, as well as advances in fields such as water purification,
desalination systems and biological systems.”
Making Energy Safer, Less Costly – Faisal Alamgir, an
associate professor in the School of Materials Science and Engineering, is tackling research challenges involving energy-related
behaviors in applications that include batteries and solar cells.
In battery-related research, Alamgir and his team are studying ways to make lithium ion batteries safer and longer-lasting.
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Georgia Tech Institute
for Materials (IMat)
The Georgia Tech Institute for Materials (IMat) was launched
with one core mission: to foster materials-related research
throughout the campus. Its June 2013 announcement came
exactly two years after the White House launched its Materials
Genome Initiative for Global Competitiveness.
The Materials Genome aids U.S. economic development by providing training and infrastructure to help U.S. innovators discover,
develop and deploy advanced materials more quickly. The Georgia
Tech move supports President Barack Obama’s call for faster movement of advanced materials from laboratory to application.
“Traditionally, it’s taken about 15 years to get a new materials
discovery into an advanced product, but it only takes 18 to 36
months to design that new product on computers,” said David
McDowell, IMat’s executive director and a Regents’ Professor in
the Woodruff School of Mechanical Engineering. “There’s a big
disconnect there, and we need to integrate materials design and
development much more tightly with new product development.”
IMat is focusing on collaborative, interdisciplinary linkages
to achieve new levels of cooperation. Its job involves linking
materials-related research within Georgia Tech’s academic units
and the Georgia Tech Research Institute (GTRI) to industry, government and academic research laboratories across the nation.
Through this collaborative network, IMat connects the
expertise of investigative teams at Georgia Tech with the

materials community outside, to help move research advances
forward more rapidly. At the same time, it seeks to build bridges
between Georgia Tech materials research and important application areas such as energy, manufacturing, nanotechnology,
bioengineering and the biosciences.
IMat is one of nine Interdisciplinary Research Institutes (IRIs)
under the leadership of Georgia Tech’s Executive Vice President
for Research, Stephen E. Cross. Each IRI spans Georgia Tech units
to bring together researchers working in a core area. In addition, the IRIs help government and industry navigate Georgia
Tech’s myriad activities and connect with researchers, students
and laboratory capabilities.
“The benefits of materials-based advances over the last 20
years are now a part of our everyday lives – lifesaving medical
technologies, the computers and phones we can’t live without,
our more efficient and safer vehicles, and much more,” said
McDowell. “Materials research both discovers new materials
and uses existing materials in new and enhanced ways. Our
continued growth in a competitive global economy depends
on performing effectively in these research areas and then applying those insights to real-world applications.”

new materials.”
Today’s sophisticated observational tools are used by scientists to produce reams of experimental data. Jang and his team in
the Computational NanoBio Technology Laboratory utilize these
big-data troves to develop useful models of materials behavior at
the smallest scales, exploiting powerful computers.
At the atomic scale, Jang and his team use quantum mechanical simulations derived from computational physics and
chemistry to understand the distribution of electrons, which give
a particular material many of its unique properties. At a slightly
larger scale, he employs molecular dynamics simulations to
understand how the grouping of molecules also determines a
material’s behavior.
Jang is using these techniques to tackle projects in multiple
areas including semiconductors, carbon nanotubes and gra-

phene, biomaterials, and fuel cells, batteries and solar cells.
In one recent project sponsored in part by the National Science Foundation and Department of Energy, Jang and several
collaborators investigated behavior in semiconductor materials
at very small scales. In particular, they studied a phenomenon
that takes place when the dimensions of certain semiconducting
materials are reduced to nanoscale levels: non-metallic materials
unexpectedly take on metallic properties.
In another project, sponsored principally by the Department
of Energy and a major automotive company, Jang is studying the
performance of polymer membranes in automotive fuel cells.
The aim is to find new membrane designs that will improve the
material’s performance at extreme temperatures.
Developing Nanostructured Energy Materials – Zhiqun
Lin, an associate professor in the School of Materials Science

- Rick Robinson

replace expensive noble metals such as
platinum, as well as rare earth elements that
can be hard to obtain, for use as counter
electrodes in high-efficiency dye-sensitized
solar cells.

Understanding Structures to
Aid Materials Development
Exploring Thin Films – The use of
thin films – layers with thicknesses in the
nanoscale to micron-scale range – has become increasingly important in a number
of technological applications. Samuel Graham, a professor in the Woodruff School
of Mechanical Engineering, is focusing on
methods for growing thin films, as well as
studying their properties and reliability.
Such films can be used in applications
that include optical coatings, batteries, solar
cells, semiconductors and micro-electromechanical systems (MEMS). In addition, thin
films can be used to protect other materials against degradation such as corrosion or
harmful reactions with the environment.
One of Graham’s current research goals
involves developing defect-free coatings
using a method called atomic layer deposition (ALD), which deposits the films in a layer
by layer fashion and gives unique control

over film thickness and film composition. He
is also researching layers that can be used to
allow uniform growth of these films using
ALD on virtually any material, including plastics, metals and organic electronics.
In work sponsored by the Department
of Energy, Graham and his team are collaborating with professor Bernard Kippelen
of the School of Electrical and Computer
Engineering in the use of ALD to create
barrier films that can protect flexible and
organic electronics from being degraded
by water vapor and oxygen in the ambient
environment. They have found that materials including aluminum oxide and titanium
oxide perform well in protecting the electronics underneath.
Testing these oxides includes measuring water vapor transport rates through
very thin layers to gauge protection levels.
Graham and his team are also looking at the
use of these oxides in flexible electronics,
testing how far these thin films can be bent
or stretched before they develop cracks.
“One of the things we have found is
that the thicker a film is, the less strain it
takes to crack it, so the ultra-thin films are
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Samuel Graham, a professor in the School of Mechanical Engineering, and his team
focus on methods for growing thin films and ways to study their properties and
reliability. Thin films – layers with thicknesses in the nanoscale to micron scale range
– have become important in numerous applications.
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and Engineering, is pursuing research on
solar energy conversion. To increase solar
cell efficiency, he is working with nanostructured functional materials, including
conjugated polymers, nanocrystals, and
nanocomposites made of conjugated polymers and nanocrystals.
Nanocrystals are nanoparticles with a
crystalline structure – meaning their atoms
are arranged in a regular, periodic way. In
a given material, their crystalline form can
give them special behaviors that don’t occur at larger size scales in the same material.
Lin has been concentrating on producing
functional nanocrystals that will support
more-efficient solar cells.
In work funded by the Air Force Office of
Scientific Research, Lin recently discovered
a simple and robust approach to making
a wide variety of functional nanocrystals
with controllable sizes, compositions and
architectures – including metallic, ferroelectric, magnetic, semiconducting and
luminescent nanocrystals. The new technique – described in the June 2013 issue
of the journal Nature Nanotechnology – targets nanoparticles for applications where
tight control over size and structure promotes desirable properties.
Lin and his team are pursuing several
projects involving solar cells. One effort involves hybrid solar cells, so called because
they utilize both organic and inorganic
semiconductor materials.
In this approach, conjugated organic polymers are coupled with inorganic
semiconducting nanocrystals. Incoming
photons are absorbed in the polymer, generating electrons that are then injected into
the semiconducting nanocrystals to produce current. Advantages include low cost
to manufacture and toughness that could
facilitate solar cell installation.
In another project, Lin is developing
photovoltaic cells using abundant, low cost
and environmentally friendly elements:
copper, zinc, tin and sulfur. Made into
functional nanocrystals that can serve as
the semiconductor, these elements could

Photo: Gary Meek
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The Materials Research Science
and Engineering Center (MRSEC)
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he Georgia Tech Materials Research Science and Engineering Center (MRSEC) studies primarily epitaxial graphene, a
carbon-based material that can be grown in sheets as little
as one atom thick. Because it’s an excellent electrical conductor, graphene promises advances in electronics technology.
If its speed potential were realized, it could facilitate new and
demanding computing applications.
MRSEC launched in September 2008 thanks to a six-year,
$8.1 million grant from the National Science Foundation. Georgia Tech leads the center, collaborating with the University of
California-Riverside, University of Michigan and several European research teams.
“Silicon has fundamental limitations in its material properties
that restrict its performance,” said MRSEC director Dennis Hess,
who holds the Thomas C. DeLoach Jr. Chair in the School of
Chemical and Biomolecular Engineering. “Silicon will always be
around in basic devices, but for high-speed devices we either
have to change the type of device we make or come up with a
new material – and graphene is a contender for that role.”
At Georgia Tech, Hess explained, graphene research started
in 2001 when Regents’ Professor Walt de Heer of the School of
Physics determined that there might be better ways to make
electronic devices than using cylindrical carbon nanotubes. As a
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result, de Heer, who directs MRSEC’s graphene interdisciplinary
research group, turned to epitaxial graphene.
In principle, an electron can move in graphene 100,000
times faster than in silicon, making possible much higher
speed devices, Hess said. In practice, attempts to achieve these
electron speeds in a functional graphene device have been
problematic.
De Heer has successfully pioneered methods for producing
high-quality layers of epitaxial graphene on the surface of silicon
carbide wafers. In addition, his technique for fabricating nanoribbons of epitaxial graphene has produced structures just 15 to 40
nanometers wide that conduct current with little resistance –
offering the possibility of very high electrical performance.
But challenges remain, Hess said. They include devising
methods for connecting graphene devices with conventional
computing architectures, including how to incorporate contacts
and dielectrics into such devices, how to input and output current, and how to generate patterns in the material.
“The fact is, if graphene can be successfully developed as a
device platform, it should produce major advances in computing capability,” Hess said.

- Rick Robinson

Dennis Hess (left), directs the Georgia Tech Materials Research Science and
Engineering Center (MRSEC), which studies primarily epitaxial graphene. Here he
and Walt de Heer, a Regents’ Professor in the School of Physics, display an ultrahigh
vacuum graphene growth reactor used for research.
Photo: Rob Felt

Antoniou works with a variety of metals,
especially platinum, copper and molybdenum. Collaborating with scientists at
Georgia Tech and several other universities,
she is investigating applying these foams
to the needs of several industries.
In one National Science Foundationsponsored project, the group is studying
applications that could be useful to the nuclear industry. The foams’ innate strength
lets them tolerate a significant amount of
radiation, suggesting potential applications such as protective coatings.
“It’s important to remember that
successful applications are based on
understanding these materials at a fundamental level,” she said. “By synthesizing
them, we exercise control over the structure, and then by testing them, we can
discover unique behaviors.”
Advancing Smart Materials – Nazanin Bassiri-Gharb, an assistant professor in
the Woodruff School of Mechanical Engineering, focuses her research on thin films
and nanostructures made with ferroelectric materials – which have a spontaneous
electric polarization that can be reversed
by applying an external electric field.
“We call ferroelectrics smart materials, because they react to many different
external fields – not only mechanical but
also electrical and thermal – and they lend
themselves to many applications including
sensors, actuators and energy harvesting,”
said Bassiri-Gharb, who has a joint appointment in the School of Materials Science
and Engineering. “My group is specifically
trying to understand the fundamental behavior of ferroelectric materials at the very
small scale.”
Bassiri-Gharb and her research team are
pursuing multiple research projects related
to ferroelectrics. They’re working extensively on electromechanical response in
piezoelectric materials, which produce a
charge when mechanically stimulated.
In a Small Business Innovation Research
(SBIR) project funded by the Air Force,
Bassiri-Gharb is working with a company

to develop large-scale production of ferroelectric nanotubes to harvest energy from
human stepping motion. The challenge
is to distribute the material in a network
of piezoelectric islands rather than in one
piece. That configuration creates pathways
that allow the maximized amount of the
generated electric charge to flow to collection points such as batteries or capacitors.
In a collaborative project with Oak
Ridge National Laboratory, Bassiri-Gharb
and her team are working on understanding multiscale coupling of mechanical,
electrical and chemical properties in oxide thin films – specifically as it applies to
miniaturization of energy technologies
including multilayer capacitors, batteries,
and fuel cell devices.
“We’ve learned a great deal from this
work, including the interaction between
the piezoelectric thin film and its inactive
silicon substrate” she said. “Our research
shows that as we drastically reduce the
thickness of the silicon, the piezoelectric
response gets much larger.”
Probing Polymer Structure – Understanding how materials function at the
smallest scales is key to modern materials
science and engineering. David Bucknall, a
professor in the School of Materials Science
and Engineering, uses advanced techniques – including neutron scattering and
X-ray scattering – to characterize polymers
at the atomic and molecular levels.
“Using these scattering techniques, we
can probe a material in situ – meaning in
an application-related environment – allowing us to observe structural changes
that occur during use or operation of the
material,” he said. “By applying a number of
complementary techniques, this allows us
build up a three-dimensional understanding of the structure and gives us a picture
of the complex interplay between a material’s microstructure and its efficiency or its
robustness in a device.”
In the field of organic electronics,
Bucknall and his team are working with
CONTINUED ON PAGE 25
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better,” Graham said. “That finding could
benefit industry, because putting down
a 20-nanometer thick film takes less time
and material than producing a 50-nanometer thick film.”
Among other projects, Graham is researching the use of oxide films in the
development of novel electrodes for organic electronics. The result could be more
efficient and stable electrodes for organic
solar cells, which is an emerging technology for future photovoltaic systems.
Developing Metal Foams – Antonia Antoniou, an assistant professor in the
Woodruff School of Mechanical Engineering, studies the mechanics of materials at
the nanoscale. She and her research team
are synthesizing and studying metal foams,
which are materials with nano-sized pores
that behave like tiny sponges.
The aim is to assess the unusual mechanical properties of these nanopore
formations. Their intricate three-dimensional structure contains a large amount of
surface area, along with a granular composition that offers myriad interfaces.
Such foams hold promise for applications including battery electrodes or
supercapacitors, catalysts that increase
chemical reactions, and tiny sensors.
Antoniou’s techniques enable structures to self-assemble at the nanoscale.
She and her team start with a mixture of
two or more metal elements, and then selectively use a corrosive environment to
dissolve one or more of them. The result
is an intricate porous network with special properties.
The researchers test the foams’ mechanical properties using a tiny probe called a
nanoindenter. They also use electron microscopes to image the surface and view
changes taking place at the nanoscale.
“The rules tend to change when you
reach the atomic level,” Antoniou said. “Unlike a bulk alloy, these foams often have
gigapascal strength, which is a very high
level of strength for a metal and could enable certain challenging applications.”
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Zinc Oxide Nanostructures –
Nanogenerators and Piezotronics
Zinc oxide, a familiar material used in plastics, paints, ointments, foods and many other things, can play significantly
different roles at the nanoscale. A Georgia Tech research team
led by Zhong Lin Wang, a Regents’ Professor and Hightower
Chair in the School of Materials Science and Engineering, uses
the unique properties of zinc oxide nanostructures to generate
electrical energy that can power and control electronic devices.
Wang uses nanostructures to create a piezoelectric effect.
In piezoelectrics, electrical energy is produced when chargeproducing structures – in this case zinc oxide nanowires – are
strained or flexed by some mechanical action, even a very
minor one. The action can take the form of motion from many
overlooked sources, such as the flow of fluids in the human
body, vibration or the flexing of fabric in a shirt.
Wang and his research group have been studying zinc oxide
nanostructures since 1999. They have increased the piezoelectric
output from zinc oxide nanogenerators from negligible amounts

to as much as 50 volts using sophisticated engineering design.
The researchers have also developed the field of piezotronics,
which uses piezoelectric properties of zinc oxide nanostructures to
control charge transport in an electronic device such as a semiconductor, offering an alternative to traditional CMOS technology.
Wang has also coined the term “piezo-phototronics” to describe techniques for using zinc oxide-based nanotechnology to
control electro-optical processes in such devices as light-emitting
diodes (LEDs) and solar cells to produce enhanced performance.
“People have never really harnessed this energy before,
but its potential can be tremendous,” said Wang, a physicist by
training. “Using these nanotechnologies, it is possible to have
self-powered, maintenance-free biosensors, environmental sensors, nanorobotics, micro-electromechanical systems, and even
portable and wearable electronics.”
Among the energy-harvesting strategies that Wang and his
team have developed are running shoes that use a polymer
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Zhong Lin Wang, Regents’ Professor and Hightower Chair in the School of Materials Science
and Engineering, researches zinc oxide nanostructures and other technologies. Here he holds a
triboelectric nanogenerator, which can use everyday activities like walking to create alternating
current by rubbing two different plastic materials against one another.
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based nanogenerator to create a charge as the user moves. He’s
also built a “power shirt” that produces energy as the wearer
moves, and he has employed piezo-phototronic technology to
boost the performance of LEDs.

Some recent developments include:

• Wang and his team have developed a sensor device that uses
nanowires to convert mechanical pressure – from a signature
or a fingerprint – directly into light signals that can be captured
and processed optically. The research was reported in the journal
Nature Photonics.
Beyond collecting signatures and fingerprints, the technique
could also be used in biological imaging and micro-electromechanical (MEMS) systems. Ultimately, it could provide a new approach for
human-machine interfaces.
• Again using nanowires, the researchers have fabricated arrays
of piezotronic transistors capable of converting mechanical motion
directly into electronic controlling signals. The arrays could help give
robots a more adaptive sense by making artificial skin smarter and
more like human skin, allowing the skin to feel activity on the surface.
The research was reported in the journal Science.
The arrays include more than 8,000 functioning piezotronic
transistors, each of which can independently produce an electronic

- Rick Robinson

the resulting shape changes in real time using high-speed imaging, spectroscopy, and interferometry techniques.
This work, Bucknall said, could lead to a deeper fundamental
understanding of deformation in other polymers, such as those
used in automotive vehicles and increasingly in aircraft.
Representing Structures Mathematically – The more accurately researchers can analyze a material’s structure at multiple scales
– from the nanoscale to the micron scale and larger – the more fully
they can explain that material’s properties and performance.
Understanding this complex relationship is a challenge. Arun
Gokhale, a professor in the School of Materials Science and Engineering, uses mathematics and computer simulations to tackle
such problems.
“My research focuses on how we mathematically represent a
structure, how we simulate it, and how we bring that simulation
into a model that explains the structure’s properties,” he said. “The
microstructure of a material is almost always three-dimensional,
and how those particles are distributed – how many are there,
what is their size, what is their shape – dictates how it will behave.”
In one common approach, researchers obtain structural data
by capturing multiple images of a microstructure. They sequentially remove very thin layers, imaging each with electron microscopes
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colleagues in the Center for Organic Photonics and Electronics (COPE) to manipulate molecular-level surface interactions to
achieve increased efficiency in organic photovoltaic materials.
Neutron scattering is extremely useful in this Department of Energy-funded research, Bucknall said, because it provides one of the
few methods to differentiate between the active materials in the
organic photovoltaic devices, allowing determination of the interaction between the constituent materials.
Understanding this interaction between the materials allows
COPE scientists to adjust the chemistry and synthesize new variations. The aim of the work is to build organic photovoltaic devices
with much higher efficiencies than currently available.
Bucknall is also using X-ray scattering and neutron scattering
techniques to characterize fracture and deformation mechanisms
in polymer structures. In one project, he is working with a major
energy company to determine the molecular origin of tear and
puncture resistance in polyethylene.
In a related project, he is collaborating on a study of very
high rate deformation of polymers with professor Naresh Thadhani, chair of the School of Materials Science and Engineering.
The work involves propelling different polymeric materials at
very high velocities at a solid block of steel and then recording

controlling signal when placed under mechanical strain. These
touch-sensitive transistors – dubbed “taxels” – have sensitivity comparable to that of a human fingertip.
• Branching out from zinc oxide, Wang and his team recently discovered yet another way to harvest small amounts of electricity from
motion. They can now capture the electrical charge produced when
two different kinds of plastic materials rub against one another.
Based on flexible polymer materials, this “triboelectric” generator could provide current from activities such as walking, offering an alternative to nanogenerators that produce current from
flexing nanowires. An energy conversion efficiency of around 50
percent, providing output power density of 300 watts per square
meter and 400 kilowatts per cubic meter, has been demonstrated,
with the potential to harvest energy from body motion, engine
vibration, wind, flowing water, raindrops and even ocean waves.
Details of the discovery were reported in the journal Nano Letters.
Triboelectric generators can be made nearly transparent, so
they could offer a new way to produce active sensors that might
replace technology now used for touch-sensitive device displays.
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or other techniques.
This procedure produces an entire stack of sections, making
possible a 3-D representation of the structure that reveals every
particle, chain and cluster. By bringing geometrical and statistical processing to bear on this information, Gokhale and his team
produce a features library – a mathematical description of the
patterns that comprise a particular material.
The research team then uses this information to generate a
computer simulation that closely represents the actual material.
Using the simulation, researchers can vary the material parameters individually, allowing them to create virtual models of
potential new materials.
“We can take these virtual materials, apply stress to them
and see how they behave in different applications,” Gokhale said.
“Simulations will never give you the exact answer – but you can
narrow down the possibilities substantially.”
Gokhale has used this type of approach in multiple projects,
including Department of Energy-funded research to design
lighter weight vehicle components.
Harnessing Organic Electronics – In materials, the secret
to obtaining desirable properties often lies in understanding the
extreme details. Elsa Reichmanis, a professor in the School of
Chemical and Biomolecular Engineering, is working to improve
the performance of organic materials by understanding the
complex relationship between how they’re made and how they
perform in a device.
Organic polymers – a type of plastic – offer promise as flexible, lightweight semiconductors for applications that include
solar cells, sensors, displays and other electronics. For one thing,
organic polymers offer the potential for lower materials costs
and for less expensive and demanding manufacturing processes.
With research funding from the National Science Foundation and the U.S. Air Force, Reichmanis and her research team
are studying various organic polymers – amorphous, crystalline
and semi-crystalline – to understand their microstructures. The
researchers are seeking to identify how each material’s structure,
process and device performance attributes correlate.
“We want to be able to more rationally design materials for a
particular application,” Reichmanis said. “We’re also trying to build
a knowledge base of fundamental insights that can be used to
develop better materials and processes.”
To achieve this, Reichmanis and her team synthesize an
organic polymer material in the lab, and then characterize its microstructure at the nanoscale. Finally, they prepare tiny lab-scale
devices, 50 to 100 microns in size, by applying a thin film of an
organic polymer to a silicon substrate. This configuration is used
for testing purposes – an actual production device would likely
be made entirely of organic polymers.
The team analyzes the complete material, from nanostruc-

ture to macrostructure, to understand how all the components
work together, she explained. Microstructure regions tend to
vary considerably, affecting performance; in some regions molecules will line up in desirable ways, others will be amorphous,
and still others will form a complex mix.
“If we want a viable commercial technology, we have to be
able to repeat – controllably and on a large scale – the microstructure that we want,” she said. “Only by understanding the
fundamental side of things can we really affect control on the
manufacturing side.”

Promoting Sustainability Through Materials
Working for Environmental Sustainability – Christopher
W. Jones is studying carbon dioxide capture, a technology with
obvious potential as CO2 builds up in Earth’s atmosphere.
Jones, who is the New-Vision Professor in the School of
Chemical and Biomolecular Engineering (ChBE) and Georgia
Tech’s associate vice president for research, is collaborating on
the challenge of carbon dioxide with several ChBE faculty: assistant professor Ryan Lively; assistant professor Yoshiaki Kawajiri;
professor William Koros, Roberto C. Goizueta Chair for Excellence
in Chemical Engineering; professor and David Wang Sr. Fellow
Matthew Realff, and professor David Sholl, Michael E. Tennenbaum Family Chair and a Georgia Research Alliance Eminent
Scholar for Energy Sustainability.
The group is working on methods by which carbon dioxide, the principal agent in climate change, can be separated
from other gases and prevented from being released into the
atmosphere. Together, they are working on new techniques for
capturing concentrated CO2 at major sources, such as coal and
natural gas fired power plants.
In collaboration with Sholl, Jones is researching an even more
challenging approach that involves pulling CO2 from ambient air
anywhere on the planet. Georgia Tech is a leader in this technology, which could be useful environmentally, commercially and
even tactically, said Jones, who is also an adjunct professor in the
School of Chemistry and Biochemistry.
“We have developed a process that can capture CO2 anywhere – and do it almost as effectively as if we were capturing it
at the flue of a power plant, where it’s 300 times more concentrated,” he said. “From a climate change perspective, this allows
addressing CO2 from all sources – cars, trucks, planes – anywhere
it’s being produced. In addition, the military could use it as a carbon source to make synthetic fuels in the field.”
The approach used by Jones and the team is based on the
use of solid oxides functionalized with amines, which are strongly basic organic compounds that bind to carbon dioxide. Georgia
Tech research has shown that varying the nature of these amines
on the surface of an oxide produces new materials with tunable
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Massimo Ruzzene, a professor in the School of Aerospace Engineering, designs
metamaterials, which are synthetic composite structures with properties not found
in materials derived from nature. Here he demonstrates a structure that could help
reduce structural fatigue caused by continual flexing in aircraft wings.

tion to grow multiple thin layers of current-carrying graphene,
separated by energy barriers, on a substrate.
This approach takes advantage of a technique called resonant tunneling of carriers to increase electron flow. Under this
quantum mechanical concept, the wave-like behavior of an
electron allows it to move readily through an energy barrier and
appear on the other side in the next graphene layer. The result is
increased efficiency in the energy-carrying electron flow.
Vogel and his team are working on the materials challenges
involved in making these types of devices. An important issue
centers on the role of the dielectric layer – the energy barrier –
and how it affects electron tunneling.
One challenge involves the metal oxides used as dielectric
layers, because they have defects that can hamper electron tunneling. The researchers have discovered that thinning a dielectric
layer to one nanometer eliminates the tunneling difficulties.
The team is currently investigating why this happens, Vogel
said. Understanding this phenomenon in depth could bring
these graphene-based materials closer to real world use.
Building on basic research strengths in the materials domain,
researchers at Georgia Tech are developing an innovation ecosystem that serves to translate transformative technologies into
real world applications. Aligning with federal efforts such as the
Materials Genome Initiative and the Advanced Manufacturing
Partnership, Georgia Tech is continuing to establish productive and
mutually beneficial relationships with government and industry.
John Toon also contributed to this article.
Research projects mentioned in this article are supported by sponsors that include the National Science
Foundation (NSF), Office of Naval Research (ONR), Department of Energy (DOE), Department of Homeland Security (DHS), U.S. Air Force (USAF), Air Force Office of Scientific Research (AFOSR), U.S. Army (USA),
Army Research Office (ARO), Oak Ridge National Laboratory (ORNL), Defense Threat Reduction Agency
(DTRA) and the Defense Advanced Research Projects Agency (DARPA). Any opinions, findings, conclusions
or recommendations expressed in this publication are those of the principal investigators and do not
necessarily reflect the views of the NSF, ONR, DOE, DHS, USAF, AFOSR, USA, ARO, ORNL, DTRA or DARPA.
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CO2 adsorption behavior.
A company called Global Themostat LLC has licensed some of
these research findings, Jones said. The company is working with
Georgia Tech on scaling up the process at a pilot plant in California.
Jones and a research team are also engineering catalytic
materials with important potential uses in the production of energy-related products and other chemicals. In one effort, Jones
is developing solid catalysts capable of making bulk chemicals
like ethanol and 1-propanol at lower costs. In another study, he
is working on enantioselective catalytic reactions to enable production of specialty organic chemicals or pharmaceuticals.
Developing Greener Semiconductors – For decades, transistors used in electronic devices have been growing ever smaller.
Yet the amount of energy they demand has remained high – a fact
obvious to anyone who’s worked with a hot laptop computer.
Eric Vogel, a professor in the School of Materials Science and
Engineering, is working on a project that would help lower that
energy need.
“As we move forward, the problem with silicon technology
is not performance – we could actually get much more performance out of the transistors we have now,” said Vogel, who is also
an adjunct professor in the School of Electrical and Computer Engineering. “The big problem is the amount of energy they need,
so we’re focusing on new materials that would offer similar performance with much lower energy consumption.”
Vogel and his team are working within the Center for Low
Energy Systems Technology (LEaST), one of six centers supported by STARnet, a Semiconductor Research Corp. program
sponsored by the Microelectronics Advanced Research Corp.
(MARCO) and DARPA.
The researchers are tackling the energy issue utilizing a variant
of graphene technology. They’re using chemical vapor deposi-
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In August, AT&T opened
a Foundry development
center in Technology Square,

Technology Square:

the fourth such product
development center the
company has opened. AT&T
joined development groups

Innovation Ecosystem Helps Draw AT&T and Other
Corporations to Georgia Tech

for NCR, Panasonic and
ThyssenKrupp, all of which
wanted to be near Georgia

By Rick Robinson

Tech and its innovation
ecosystem.
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Georgia Tech President G.P.
“Bud” Peterson congratulates
Ralph de la Vega, president and
CEO of AT&T Mobility, at the
opening of the company’s new
Foundry in Technology Square.
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hen AT&T Inc. opened its Foundry product development center in Georgia Tech’s
Technology Square on August 27, 2013,
the company gained a prominent place in an innovation ecosystem acknowledged as a leader in fostering both technology and business innovation.
In its new location in the Centergy building
on the edge of the Georgia Tech campus, the
AT&T Foundry connects to the Institute’s students,
research program – and dozens of early-stage
technology companies being incubated through
Georgia Tech’s Advanced Technology Development Center (ATDC), VentureLab and Flashpoint
initiatives. Georgia Tech’s incubation and acceleration programs are rated among the top such
efforts worldwide by observers such as Forbes
Magazine and Stockholm-based UBI Index.
Moreover, AT&T’s new location places it close
to Georgia Tech’s many faculty-student research
teams, as well as a variety of business and startupsupport groups located in midtown Atlanta. And
the Foundry is just a few floors away from other
major multinational companies in the Centergy
Building: the Panasonic Innovation Center and
the ThyssenKrupp Elevator Americas innovation
facility. NCR Corp.’s Mobile Development Team is
headquartered a block away at the Biltmore on
West Peachtree Street.
“When we locate a Foundry facility, our number one criterion is to be part of an ecosystem that
fosters innovation – which usually occurs at the intersection of premier education, high technology
and an entrepreneurial mindset – and those are all

things that we found at Technology Square,” said
Ralph de la Vega, president and CEO of AT&T Mobility. “When I saw the startup company incubators
there, and the entrepreneurs and the high-quality
technical people from Georgia Tech driving them,
I knew this is where we needed to be. In fact, we’re
already talking with a startup whose technology
could significantly benefit our product offerings.”
In addition to Georgia Tech, the Foundry is collaborating with networking leader Cisco Systems
Inc., which employs nearly 2,000 people in the
metro Atlanta area. Working with Cisco, AT&T will
concentrate on developing products for Digital
Life, AT&T’s home security and automation service.
The team will also create new applications and
services related to such focus areas as the connected car, mobility, emerging devices and AT&T
U-verse. Cisco will collaborate with AT&T on projects, and will also help identify key third-party
developers, startups, investors, inventors and other entrepreneurs to bring into the facility.
The $3 million total Foundry investment stems
from the joint efforts of AT&T, Cisco and Georgia
Tech, along with state and local involvement. The
Foundry in Atlanta is only the fourth such venture
for AT&T – the company has similar centers in Palo
Alto, Calif.; Plano, Texas, and Tel Aviv, Israel.
The many startups found in Technology Square
are largely a result of the ATDC startup accelerator,
which provides coaching, connections and even
office space to many young Georgia companies.
ATDC’s work is aided by Flashpoint, which helps
early-stage startups minimize risk and accelerate

growth, and by VentureLab, which focuses on
turning discoveries by Georgia Tech faculty, research staff and students into new companies.
“I think it’s widely recognized that the
Technology Square innovation zone offers
one of the world’s top business support infrastructures,” said Stephen Fleming, vice
president and executive director of Georgia
Tech’s Enterprise Innovation Institute, which
oversees ATDC and VentureLab. “A critical
mass has been forming around Georgia Tech
based on a multi-faceted innovation environment, and companies come here because
they’re attracted by that range of capabilities,
not just by a single center or research team
or partner.”
AT&T’s interest in coming to Technology Square was supported by Georgia Tech
outreach efforts aimed at helping potential partners with insight and ease of access
to the innovations, new technologies and
startup ventures developed and supported
by Georgia Tech. Greg King of Georgia Tech’s
Strategic Partners Office worked with AT&T

as it examined the Georgia Tech and Atlanta
environment.
“When you look at everything we’re doing
in the intersection of people and technology,
the startup community, and the exciting faculty and student innovation – a Technology
Square location was a great choice for AT&T,
as it has been for other corporate partners like
NCR, Panasonic and ThyssenKrupp,” King said.
“The Institute for People and Technology, the
Georgia Tech Research Institute and ATDC’s
Industry Connect program that helps larger
companies connect with relevant startup
companies – all played a part in the selection
of this area for AT&T’s Foundry.”
Making Georgia Tech accessible to potential industry partners is a top priority, said
Stephen E. Cross, executive vice president for
research. The Institute’s expanded outreach
toward industry, which organizes more than
200 research centers and laboratories into a
dozen core research areas, helps make Georgia Tech more accessible and understandable.
“Georgia Tech was founded with a man-
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“

When we locate a Foundry
facility, our number one
criterion is to be part of an
ecosystem that fosters innovation – which usually occurs
at the intersection of premier
education, high technology
and an entrepreneurial mindset – and those are all things
that we found at Technology
Square.

”

— Ralph de la Vega,
president and CEO of
AT&T Mobility

Georgia Tech President G.P. “Bud” Peterson addresses the group gathered
for the opening of the AT&T Foundry in Technology Square. The facility was
attracted by the innovation ecosystem that is developing around Georgia Tech.

Winter - Spring 2014 • Vol. 31, No. 1

Photo: Rob Felt

29

John Avery, group manager for the Panasonic Innovation Center at Technology Square, displays a
prototype head unit that is being used to develop new automotive stereo system features.
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date to foster economic development and to conduct research
with relevance,” said Cross. “Our innovation ecosystem helps
give Georgia businesses – and multinational partners such as
AT&T and others – straightforward access to our world-class basic and applied research capabilities and our ‘One Georgia Tech’
collaborative environment.”
Panasonic Automotive Systems Company of America
opened an innovation center in the Centergy Building in November 2012. Initially, Panasonic opened the facility to gain
access to Georgia Tech students and to north Atlanta residents
for its headquarters based in Peachtree City, Ga., said John Avery, group manager for the Panasonic Innovation Center.
But once the new innovation location was up and running,
he said, it became clear that the Georgia Tech and Technology
Square environment could directly benefit product development at the Automotive Systems Division, which focuses on
infotainment systems, sensors, switches, power systems and
other products for vehicles.
“We’re increasing our innovation focus, connecting with the
startup community in midtown and participating in all the good
things that are going on there – ATDC and Flashpoint and the
Midtown Alliance and the Hypepotamus startup support group,”

he said. “There are a lot of great things happening at once, which
are making midtown into a really significant location.”
Panasonic’s Centergy offices currently have space for about
40, Avery said. The center employs a number of Panasonic staffers, along with Georgia Tech students in intern and co-op roles.
Panasonic recently sponsored the Convergence Innovation
Competition (CIC) for students, and plans to sponsor other student efforts such as senior Capstone Design projects. In addition,
Avery said, innovation center executives plan to approach companies incubated at Georgia Tech and in the metro area about
potential business opportunities with Automotive and other
Panasonic divisions.
NCR opened an R&D center in the Centergy Building nearly
three years ago to hire Georgia Tech students and work on mobile applications and cloud computing technologies. That effort
was successful – so much so that the center soon moved to a
larger space in the nearby Biltmore, which became home to the
NCR Mobile Development Team.
“Our first office was in Centergy, giving us direct access to
new Georgia Tech grads and interns,” said Daniel Bassett, senior director of product development in NCR’s Hospitality line
of business. “From there, we needed a larger space and moved

Staff members at the ThyssenKrupp Elevator Americas innovation facility in the Centergy building
include (left to right) Dat Le, Thomas Felis, Michael Bray, Dawn Davis-Couture and Shawn Park.
Photo: Gary Meek

facility at Georgia Tech, said Thomas Felis, vice president for innovation management.
“We evaluated the scores of major U.S. engineering programs on a national basis, and considered what you might call
the personality of each university,” he said. “Georgia Tech was
a more hands-on school than others – which is what we were
looking for. And when we also considered the infrastructure, the
lab space available, and the Georgia Tech Manufacturing Institute, we decided to come here.”
Felis said that the ThyssenKrupp Elevator Innovation Center, which opened in January 2013, is already working with two
Georgia Tech startup companies. The aim of the collaborations is
to develop human interface improvements that could enhance
elevator technology. rh
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into the Biltmore, which offered us room to grow in a perfect
environment. Employees love the space and it has become our
number one recruiting tool as we look to bring on the next wave
of software development talent.”
Today, the Mobile Development Group’s R&D center has more
than 50 employees – mostly full-time – at the Biltmore location,
and expects to add up to 15 new people each year, he said.
Currently, NCR is collaborating with a Georgia Tech facultystudent research team on a project involving the unstructured
analysis of “big data,” massive information sets that require special computation tools. In addition, the group is engaged with
several small Georgia companies through the Flashpoint accelerator, and expects to be involved in Capstone Design courses
in which Georgia Tech students develop real world prototypes.
“We’re focused on building some of the best consumer facing
mobile apps in the restaurant industry – and access to the skilled
and highly motivated people we encounter at Georgia Tech is a
critical part of our development strategy,” Bassett said.
ThyssenKrupp Elevator Americas is heavily invested in the
U.S., with a manufacturing plant and research center in Tennessee. The company conducted a lengthy assessment of U.S.
engineering colleges before deciding to site its innovation
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Researchers have developed
microscopic, bottle-like
structures with corks that

Tiny Bottles
and Melting Corks:

melt at precisely-controlled
temperatures. The tiny
structures could be used
to release drugs inside the
body or fragrances onto
the skin. The melting corks
are made of fatty acids,

Temperature Regulates a New Delivery System

derived from natural oils

for Drugs and Fragrances

and fats that can be made
longer or shorter to adjust

By Brett Israel

the temperature at which
they melt.

M
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A scanning electron
microscope image shows
polystyrene “bottles” with
holes in their surfaces. The
inset shows a magnified view.
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icroscopic, bottle-like structures with
“corks” that melt at precisely-controlled
temperatures could release drugs inside
the body or fragrances onto the skin, according to a
recently published study.
Typical drug delivery systems act more like
sponges than bottles. For example, drugs are absorbed into polymer particles and then allowed to
diffuse out over time. The researchers hope that their
new system may allow for greater control of drug
delivery. Cargoes would stay inside hollow polymer
particles plugged with a solid cork. When the cork
was melted by body heat, the drugs would quickly
flow out of the particle bottle.
“It’s just like when you open wine, you remove
the cork,” said Younan Xia, a professor in the Wallace
H. Coulter Department of Biomedical Engineering
at Georgia Tech and Emory University. Xia also holds
joint appointments in the School of Chemistry and
Biochemistry and the School of Chemical and Biomolecular Engineering at Georgia Tech.
The melting corks are made of fatty acids, derived
from natural oils and fats. The length of the hydrocarbon chains on these molecules can be made longer
or shorter to vary the temperature at which they
melt. This way, the fragrances in deodorants, for example, would be released only when a person gets
hot and sweaty.
The new system for temperature-regulated

release was detailed in a recent edition of the journal Angewandte Chemie International Edition. The
research was sponsored by the National Cancer Institute, and a National Institutes of Health Director’s
Pioneer Award. Funds were also provided by the
Korea Science and Engineering Foundation (KOSEF)
and the Korean Ministry of Education and Science.
Drug delivery systems have been designed to
release their cargoes in response to acidity change,
ultrasound, mechanical signals and electric or magnetic fields. Xia’s system is the first bottle-and-cork
design, but it isn’t the first to release drugs in response
to temperature. His system, however, has several advantages over other temperature-regulated delivery
systems, such as quick and efficient loading of small
molecules, macromolecules and even nanoparticles
up to 100 nanometers in size.
The melting corks are made from a group of
phase-changing materials – fatty acids or fatty alcohols – that change from solid to liquid when heated
to specific melting points. As a proof of principle
for how the temperature-sensitive delivery system
works, Xia’s lab loaded fluorescent dye into the hollow polymer particles. The holes were then corked
with solid 1-tetradecanol, a fatty alcohol. After
washing away any dye that might have been stuck
to the outer surfaces of the bottles, a fluorescent
micrograph showed that the dye was completely
bottled up.

The bottles were then heated to 25 and 37
degrees Celsius – just below the corks’ melting
point – but no dye escaped, even after four
days and vigorous washing in a buffer solution.
When bottles were heated to 39 degrees Celsius, the melting point of 1-tetradecanol, the
corks melted and the dye was released.
“You can bottle everything and then you
put a stopper on top. Whenever you need it,
just unplug it and things will come out quickly,”
said Xia, who is also a Georgia Research Alliance
Eminent Scholar in Nanomedicine.
The corks tested in the study are expected
to pose no harm once inside or on the human
body. The materials 1-tetradecanol and lauric
acid, a fatty acid that has also been tested as a
cork, have very low toxicity in small doses, Xia
said, because they are derived from natural fats
and oils. These same fats are often used as in-

gredients for food and pharmaceuticals.
The hollow polymer particles tested in Xia’s
study were made of polystyrene, which couldn’t
be injected safely into the body to deliver drugs,
but would work in a scented body cream for
applying to the skin. Xia’s lab is currently working on making these microscale particle bottles
from polymers that are approved by the U.S.
Food and Drug Administration.
Dong Choon Hyun, a postdoctoral fellow at
Georgia Tech, was the lead author of the study.
Unyong Jeong, a materials science & engineering professor at Yonsei University in Korea, was
a collaborator on the project. rh
This research is supported by the National Cancer Institute under award
R01CA138527 and the National Institutes of Health Director’s Pioneer
Award (DP1OD000798). The research was also sponsored by KOSEF (00805103) and a World Class University grant from NRF of the Korean Ministry
of Education and Science (R32-20031). Any conclusions or opinions are
those of the authors and do not necessarily represent the official views of
the sponsoring agencies.
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 ou can bottle everything
Y
and then you put a stopper
on top. Whenever you need
it, just unplug it and things
will come out quickly.

”

— Younan Xia, professor
in the Wallace H. Coulter
Department of Biomedical
Engineering at Georgia
Tech and Emory University
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Younan Xia (left) and postdoctoral fellow Dong Choon Hyun are developing
microscopic, bottle-like structures with corks that melt at specific temperatures.
The structures could be used for drug or fragrance release.
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Georgia Tech researchers are helping the U.S.
military change the way

FACE Time:

aircraft electronic systems –
avionics – are produced. The
effort, part of the U.S. Navy’s
Future Airborne Capabil-

Researchers Support Open Architecture Software

ity Environment (FACE™),

Standards for Military Avionics

focuses on modifying the
design of avionics software,
especially the ways in

By Rick Robinson

which it interfaces with an
aircraft’s hardware and other
software.

R
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The U.S. Navy’s Future Airborne
Capability Environment (FACE)
is changing the way aircraft
avionics are interfaced with
aircraft hardware and other
software.
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esearchers are helping the U.S. military
make key changes in how aircraft electronic
systems, called avionics, are produced. The
effort focuses on modifying the design of avionics
software, especially the ways in which it interfaces
with an aircraft’s hardware and other software.
The work is part of the U.S. Navy’s Future Airborne Capability Environment (FACE™) project. The
Navy’s FACE team is working with the FACE consortium, an organization of government, industry
and academia managed by The Open Group®, to
develop a new technical standard that governs
how avionics software communicates with other
software and hardware components – to control
aircraft sensors, effectors and other mission critical
systems to deliver warfighting capability.
Georgia Tech’s support of the FACE project
is funded by the Naval Air Systems Command
(NAVAIR) Air Combat Electronics Program Office (PMA-209) and the U.S. Army Aviation and
Missile Research Development and Engineering
Center (AMRDEC). Georgia Tech’s work principally
involves validating and maturing the FACE technical standard by producing reference software built
according to the new FACE standards.
“The FACE standard lets us streamline software
production and software upgrades, which are vital
for keeping U.S. pilots safe and delivering our military capabilities,” said Douglas Woods, a research
scientist leading the work at the Georgia Tech
Research Institute (GTRI). “Basically, the FACE stan-

dard dictates how everything should fit together.
The FACE technical standard lets developers connect software and hardware in a uniform way, so
that one software application can work with a variety of different hardware.”
The digital control portion of an avionics system is similar in some ways to the familiar personal
computer, explained Woods, who is working on
the FACE project with professor George Riley of
the School of Electrical and Computer Engineering. That’s because both computers and avionics
use application software that runs on processing
hardware; the application software communicates with the hardware via intermediary software
known as an operating system.
Unlike a PC, however, the application software
and operating system of an avionics system are
very compact and robust for safety, security and
performance reasons.
For decades, these embedded applications
have been uniquely designed to work with the
specific operating system and hardware components contained in a given avionics system. Thus,
the application software embedded in an avionics
device worked with that device only, requiring significant rework or redundant development when
similar capability was needed on new hardware or
different hardware from another source.
That’s where the FACE concept comes in. The
FACE architecture specifies that designers use application programming interfaces (APIs) that are

essentially a standardized software layer that
translates between the application on one
level and the other software applications,
the operating system and hardware at other
levels. The result is that designers can readily
modify application software, integrate it back
into the system, and expect it to work.
“As long as you adhere to the standard
software interfaces specified in the FACE technical standard, then changing the embedded
application software to add capability to the
system becomes straightforward,” Woods said.
“Any competent software engineer should be
able to write an application that can talk to
those interfaces, and that makes it possible
to add in new capabilities quickly and easily.”
Georgia Tech expects to be involved in
tests that will demonstrate to the Navy the
portability of capabilities using the technical
standard, he added.
Georgia Tech has been working with the
Navy FACE team for more than two years on
the development of software code that provides an interface built to the FACE standard.
Vanderbilt University, which is also involved
in the effort, is creating a software develop-

ers’ toolkit and conformance tools to be used.
“Our Georgia Tech team has been successful in producing a FACE infrastructure
prototype that is POSIX conformant and adheres fully to the standards developed by the
FACE consortium,” Riley said. “From a technical standpoint, this software can do the job
that was assigned, which is to allow applications that conform to the FACE APIs to be
interchangeable.”
The Navy’s FACE team has been recognized with several awards, including two
Naval Air Warfare Center, Aircraft Division
(NAWCAD) Commander’s Awards, a NAWCAD
Innovation Award, and the Defense Standardization Program Achievement Award.
“The FACE initiative represents a major step
forward in rapidly integrating new capabilities
for a variety of airborne defense systems,” said
Capt. Tracy Barkhimer, program manager for
PMA-209. “The FACE initiative has benefited
greatly from NAVAIR’s partnership with Georgia Tech and Vanderbilt. They have brought a
wealth of knowledge and experience that has
been vital to the validation and rapid maturation of the FACE technical standard.” rh
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The FACE standard lets us
streamline software production and software upgrades,
which are vital for keeping
U.S. pilots safe and delivering
our military capabilities. The
FACE technical standard lets
developers connect software
and hardware in a uniform
way, so that one software application can work with a variety of different hardware.

”

- Douglas Woods, GTRI
research scientist
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Douglas Woods (left), a research scientist in the Georgia Tech Research Institute
(GTRI), discusses the Future Airborne Capability Environment (FACE) technology
with George Riley, a professor in the School of Electrical and Computer Engineering.
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A partnership between
Georgia Tech and Children’s
Healthcare of Atlanta is

Pediatric Innovation:

paying off with improvements in the treatment of
children. Among the results
are “Quick Wins,” big idea

Quick Wins Excite Georgia Tech, Children’s Healthcare

solutions in such areas as

of Atlanta Partnership

personalized health, pediatric nanotechnology, and

By Brett Israel

pediatric device innovation.
For instance, researchers
have developed a prototype
pediatric surgical tool, and
helped address a problem
for children who must use a
machine to maintain heart
and lung function.
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The “Grasper” was developed
in a collaboration between
Georgia Tech and Children’s
Healthcare of Atlanta. The
device, for which a prototype
is expected soon, will assist in
surgery on infants.

36

A

t the very first strategic planning session between Children’s Healthcare of Atlanta and
Georgia Tech, Dr. George Raschbaum described a problem that needed solving.
The Children’s pediatric surgeon was frustrated
with his surgical tools. He performs more than 50
operations each year on infants that have a condition called pyloric stenosis. Food can’t pass through
their digestive tracts because an olive-shaped muscular valve between the small intestine and stomach
is thickened, resulting in obstruction of the stomach.
The tool that Raschbaum uses to grab organ tissue during surgery wasn’t designed for grasping the
pylorus, but it’s the best tool he has to work with.
Raschbaum would often spend up to 25 minutes of
a 30-minute surgery struggling to grab and stabilize
the pylorus.
Raschbaum challenged the Georgia Tech engineers to solve this problem. Leanne West, a Georgia
Tech engineer, approached him and suggested a
potential solution. West spread the word about her
idea, and a team of engineers began working to
solve Raschbaum’s problem.
Now just 16 months into the partnership, a final
prototype of Raschbaum’s Grasper, as the new device
is called, is expected soon. The Grasper has a new ergonomic handle and redesigned tips. The device is
still under development, but the team hopes it will
one day reduce surgery times, lower hospital costs
and help surgeons be more efficient.

The time from concept to prototype of the
Grasper has been remarkably fast, but it’s exactly
what Children’s and Georgia Tech envisioned when
they announced their partnership.
“At Georgia Tech we’re focused on doing research
that has a very real impact on society,” said Steve
Cross, Georgia Tech’s executive vice president for research. “We’re proud to be developing technologies
doctors can use to save the lives of children. It’s research that really makes a difference.”
As the newly appointed chief engineer for pediatric technologies, solving real world problems for
clinicians by leveraging the expertise at Georgia Tech
is now West’s job. Through her many roles, West is
perfectly situated to pull together cross-functional,
campus-wide teams.
“I’ve always gravitated toward projects that translate into the real world, and solve a real problem,”
West said. “With this partnership, we are doing just
that and in the process helping kids through innovative technology. That is what makes my new role
so exciting.”
The partnership between Children’s Healthcare
of Atlanta and Georgia Tech was boosted by a $20
million joint investment in June 2012 to bring technologies from concept to reality. The collaboration
involves existing Children’s research centers, the
Department of Pediatrics at Emory University and
faculty and researchers from academic and research
units throughout Georgia Tech.

“This collaboration brings together leading
technology and leading pediatrics to change
the lives of kids,” said Donna Hyland, Children’s
president and CEO. “At Children’s, our mission
is to make kids better today and healthier tomorrow. We are able to accomplish so much
more through a strong partnership with Georgia Tech. The joint investment of expertise and
resources makes it clear just how committed
these organizations are to pediatric research
and it provides an extraordinary opportunity
for others to join us.”
A big problem for children’s physicians is
that so many medical devices were designed
for adults. The market for children’s medical devices is so small that companies shy away from
tailoring technologies to children. That’s why
no medical device manufacturers have solved
Raschbaum’s problem, and why the pediatric
partnership between Children’s and Georgia
Tech is so important.
Even before the partnership, these institutions had developed a chemistry that led to
collaborating on several dozen pediatric re-

search projects since 2007.
The partnership has been led by the
Georgia Tech-Children’s Healthcare of Atlanta
Faculty Council, co-chaired by Gang Bao, of
the Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and Emory
University; Robert Guldberg, of the George W.
Woodruff School of Mechanical Engineering,
and Beth Mynatt, executive director of Georgia
Tech’s Institute for People and Technology.
To take the collaboration to the next level,
West will help lead Georgia Tech’s side of the
partnership along with Sherry Farrugia, who
last year was tapped as the director of the
partnership. Just as West will serve as a bridge
between engineers and physicians, Farrugia is
the bridge between the business and strategic
operations side of the partnership.
“The Children’s and Georgia Tech partnership is about acting on a strategic plan to
improve the lives of children through the use
of technology,” Farrugia said. “Raschbaum’s
Grasper is only one example of how a problem
and potential solution were identified because
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I’ve always gravitated
toward projects that translate
into the real world, and solve a
real problem. With this partnership, we are doing just that
and in the process helping kids
through innovative technology. That is what makes my
new role so exciting.

”

- Leanne West, chief
engineer for pediatric
technologies
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The team developing the “Grasper” at the Global Center for Medical Innovation (GCMI) includes
(left-to-right) Patrick Strane, project engineer; Mark McJunkin, director of operations; and Brittiany
Hailey, research scientist. Leanne West, (front row, center), is holding the latest prototype.
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of the partnership, but is a blueprint for how clinicians and engineers will work together to solve problems.”
West has overseen the entire Grasper project from concept to
prototype. The technology was designed at Georgia Tech, and now
a prototype is being manufactured at the Global Center for Medical Innovation (GCMI), which is also guiding the Grasper through
the U.S. Food and Drug Administration’s approval process.
“With the ability to manufacture devices on campus at GCMI, I
think over time there will be even more opportunities to shepherd
an idea from concept to prototype,” West said.
One of the partnership’s strategic goals is to quickly solve problems that frustrate clinicians through the Quick Wins program.
Projects funded through the partnership’s Quick Wins program
will focus on big ideas and grand challenges, such as personalized
health, pediatric nanotechnology, and pediatric device innovation,
and be in the hands of clinicians within 18 months. Two Quick Wins
projects currently under way are in collaboration with Marcus Autism Center. One focuses on telemedicine, and the other project
focuses on eating disorders in children.
The partnership has also created the nation’s first Center for
Pediatric Nanomedicine (CPN), led by Gang Bao, Robert A. Milton
Chair of Biomedical Engineering at Georgia Tech. In addition to
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CPN, Georgia Tech hosts the Center for Pediatric Innovation (CPI),
co-led by Robert Guldberg, Parker H. Petit Director’s Chair in Bioengineering and Bioscience at Georgia Tech, and Kevin Maher,
associate professor of pediatrics at Emory and a pediatric cardiologist at Children’s. CPI supports research projects that focus on the
development of new medical devices, therapeutics, and regenerative medicine strategies for improving pediatric healthcare.
In contrast to Quick Wins, pediatric nanotechology is historically considered a long term venture, but it might have led to the
partnership’s biggest success story so far.
When a solider at war is suffering from major trauma, or when
a child is critically ill in the hospital, they are hooked up to an Extracorporeal Membrane Oxygenation (ECMO) machine.
ECMO machines were designed for adults, but are used to keep
children alive. When attached to the ECMO circuit, the venous blood
is removed from the body and then pumped back in the arteries as
oxygenated blood under pressure, performing the role of both the
heart and lungs. The most common problem for patients on ECMO
is the risk of clot formation. These clots can be severe, causing strokes
and even death despite aggressive anticoagulation medicines.
To figure out a way to reduce the risk of clotting, Maher, the
pediatric cardiologist at Children’s, invited Georgia Tech engineers

Kevin Maher, a pediatric cardiologist at Children’s, invited Georgia Tech engineers into the hospital’s
Cardiac Intensive Care Unit. Together, they designed a nanomaterial coating for the inside of the tubes
of ECMO machines that minimizes the development of blood clots.
Photo: Children’s Healthcare of Atlanta

into the hospital’s Cardiac Intensive Care Unit.
“Because the relationship between Children’s and Georgia Tech
exists, I can pick up phone, talk to engineers and actually bring
them into the hospital to see the clinical problems that we’re dealing with,” Maher said. “That is one of the biggest advantages of the
collaboration. It’s really very easy to do.”
With support from the Center for Pediatric Nanomedicine, the
engineers evaluated the ECMO circuits, and then came up with a
12-month plan to bring the circuits to Georgia Tech after use by a
child. The engineers, led by David Ku, a mechanical engineering
professor at Georgia Tech, took apart the ECMO circuits to determine where clots were forming and what types of clots were
present. The most prominent areas of clot formation were located
at connecting joints.
The physicians and engineers then designed a nanomaterial
coating for the inside of the tubes that minimizes the development
of blood clots. These nanoparticle-based, non-thrombotic coatings for vascular devices such as the ECMO machine were based
on a technology developed by Andrew Lyon, a professor in Georgia Tech’s School of Chemistry and Biochemistry.
“Without the three of us working together we couldn’t get
anywhere,” said Ku, a Regents’ Professor of Mechanical Engineering

and the Lawrence P. Huang Chair Professor of Engineering Entrepreneurship. “The partnership brings the clinicians in touch with
the engineers. We weren’t talking to each other about this project
at all before.”
The ECMO technology continues to be developed and tested,
but is on track to meet the 18-month goal.
“If there was not a partnership, there would have been no way
to have engineers to come and figure out what the problem is,
much less be able to develop the solution to it,” Maher said.
This type of material coating could also apply to several types
of technology used in pediatric cardiology, including cardiac
pumps and indwelling catheters. After developing the technology
for children, the group hopes to seek Department of Defense support for further work.
“Our hope is to continue to strengthen the relationship between Georgia Tech and Children’s Healthcare of Atlanta and
develop solutions to better serve our kids,” West said. “The partnership has already resulted in several ideas. By working together
things are starting to happen. That’s really exciting.” rh
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Leanne West is the newly appointed Chief Engineer for Pediatric Technologies for the Georgia TechChildren’s Healthcare of Atlanta partnership. She is shown holding a prototype of the “Grasper”
device being developed for pediatric surgery.
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Next-Gen EW System Targets Fully Adaptive Threat Response

Stan Sutphin, a GTRI research engineer, is shown in an L-39 Albatros jet trainer aircraft used for electronic warfare flight testing of the Angry Kitten system.

W
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hen U.S pilots encounter enemy air defenses,
onboard electronic warfare (EW) systems
protect them by interfering with incoming radar
signals, a technique known as electronic attack or
jamming. Conversely, electronic protection technology prevents hostile forces from using electronic attack methods to disable U.S. radar equipment.
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At the Georgia Tech Research Institute (GTRI),
a research team is developing a new generation
of advanced radio frequency jammer technology.
The project, known as Angry Kitten, is utilizing
commercial electronics, custom hardware development, novel machine-learning software and a
unique test bed to evaluate unprecedented levels
of adaptability in EW technology.
“We’re developing fully adaptive and autonomous capabilities that aren’t currently
available in jammers,” said research engineer
Stan Sutphin. “We believe a cognitive electronic
warfare approach, based on machine-learning
algorithms and sophisticated hardware, will
result in threat-response systems that offer significantly higher levels of electronic attack and
electronic protection capabilities, and will provide enhanced security for U.S. combat aircraft.”
When an EW encounter begins, the Angry
Kitten system chooses an optimal jamming

technique from among many available options, explained Sutphin, who leads a GTRI
development team that includes senior research
engineer Roger Dickerson and senior research
scientist Aram Partizian.
As the engagement progresses, the next-generation system is designed to adapt. It will assess
how effective its jamming is against the threat and
quickly modify its approach if necessary.
Angry Kitten research also includes investigation of cognitive learning algorithms that
allow the jammer to independently assess and
respond to novel opposing technology. The team
is developing techniques to enable an EW system to respond effectively should it encounter
unfamiliar hostile radar techniques.
Today’s top EW systems are more subtle,
thanks to digital techniques. The most advanced
technology today – digital radio frequency
memory – can deceive an enemy by recording
his received radar signals, manipulating them
and sending back false information that seems
to be real.
The GTRI team believes that countering
such techniques will lead to the development
of increasingly more precise digital techniques
for radar electronic protection. That could spark

Photo: GTRI

an equivalent race for more advanced jammer techniques.
In the first phase of developing a nextgeneration system, the GTRI team completed
an advanced jamming system prototype. This
custom hardware utilizes a wideband tunable
transceiver system, and is built using open architecture and open source approaches that are
low-cost and enable operators to quickly modify
the system in response to changing conditions.
The team is currently developing machinelearning algorithms that will allow the Angry
Kitten system to continually assess its environment and switch among the best methods for
jamming incoming threats. The ultimate goal
is a robust platform that will characterize any
threat emitter and respond in real time in the
most effective way.
- Rick Robinson
CONTACT:
Stan Sutphin
ssutphin3@gatech.edu

Designing an Easy-to-Open Child-Resistant Medicine Bottle

O

and the shape of the bottle were important elements to
consider, according to Fain. The team suggested coating
the cap with a rubber-like thermoplastic elastomer to increase the friction between the cap and hand holding it,
and make it easier to grasp and rotate. They also recommended selecting a non-cylindrical container that would
be easier to grasp.
Next, Fain and his research team instrumented
medicine bottles and caps with force sensors and measured the top-down and rotational forces that people
with arthritis could comfortably apply. From this data,
they determined the maximum allowable force that
could be required to push down on the cap and the maxi-

mum allowable force that could be required to rotate and
remove the cap.
Pfizer ultimately selected a square container and
round thermoplastic elastomer cap that would meet the
force constraints, but still be child resistant. And the data
GTRI researchers collected was used as evidence of compliance with the U.S. Arthritis Foundation requirements
when Pfizer applied for the ease-of-use commendation.
- Abby Robinson
CONTACT:
Brad Fain
brad.fain@gtri.gatech.edu

Researchers at the Georgia Tech Research Institute (GTRI) worked with Pfizer Inc. to develop an easy-to-open bottle for a new arthritis
medication being produced by the company.

Image: xx
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pening prescription medicine bottles can be a struggle
for individuals with arthritis. When the medicine inside
the bottle is supposed to relieve the pain, but opening the
bottle causes additional pain, the experience can be even
more frustrating.
Pfizer Inc. confronted these concerns head-on by
working with researchers at the Georgia Tech Research
Institute (GTRI) to develop an easy-to-open and childresistant container and cap to dispense one of its
rheumatoid arthritis medicines. The square bottle with
a round, blue closure recently received the ease-of-use
commendation from the U.S. Arthritis Foundation.
“A lot of people believe that if a medicine bottle is
child resistant, that means it is going to be hard for people with arthritis to open,” said Brad Fain, a GTRI principal
research scientist. “With this project, we’ve been able to
debunk that notion and demonstrate that we can find
a balance between ease of use and child resistance
through quality design work.”
GTRI has a history of helping companies evaluate and improve the design of consumer products and
currently serves as the independent product testing organization for the U.S. Arthritis Foundation, the Arthritis
Society of Canada and Arthritis Australia. For this work,
GTRI recruits users to test a variety of consumer products
– medicine bottles, beverage containers, office supplies,
medical devices, vehicles and cell phones – in its Accessibility Evaluation Facility.
Pfizer began working with GTRI in early 2011 to
develop a container and closure system that was easy to
open and child resistant. Pfizer asked Fain and his team
to suggest design features and materials for the bottle
and closure system that would make it easier to open
than a typical child-resistant prescription bottle.
“We helped Pfizer understand the consumer aspects of the medicine bottle and closure design and
what would work and not work from the perspective of
a user with arthritis,” said Fain.
Wearing arthritis simulation gloves designed by
GTRI researchers helped packaging engineers at Pfizer
understand how arthritis affects a person’s ability to
grasp, pinch, turn, lift and twist objects. The gloves
reproduce the reduction in functional capacity experienced by persons with arthritis.
When GTRI researchers began proposing bottle
and cap possibilities to the company, the cap’s material

Photo: Rob Felt
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Where in the World Are Young People Using the Internet?

Map courtesy of the International Telecommunication Union (ITU)

This world map shows a sampling of countries and the percentage of their populations considered digital natives - young people who have been active online for at least five years.
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ccording to a common myth, today’s young
people are all glued to the Internet. But in fact,
only 30 percent of the world’s youth population
between the ages of 15 and 24 years old has been
active online for at least five years. In South Korea,
99.6 percent of young people are active, the highest
percentage in the world. The least active are young
people on the Asian island of Timor Leste – with
less than 1 percent.
Those are among the many findings in a
study from Georgia Tech and the International
Telecommunication Union (ITU). The study is the
first attempt to measure, by country, the world’s
“digital natives.” The term is typically used to categorize young people who were born around the
time the personal computer was introduced and
have spent their lives connected with technology.
Nearly 96 percent of American millennials
are digital natives. That figure is behind Japan
(99.5 percent) and several European countries,
including Finland, Denmark and the Netherlands.
But the percentage that Georgia Tech asso-

ciate professor Michael Best thinks is the most
important is the number of digital natives as
compared to a country’s total population.
“That’s because a country’s future will be
defined by today’s young people and by technology,” said Best, who co-led the study and, jointly
with ITU, developed the model that calculated
the worldwide figures. “Countries with a high
proportion of young people who are already online are positioned to define and lead the digital
age of tomorrow.”
The countries with the highest proportion
of digital natives among their population are
mostly rich nations, which have high levels of
overall Internet penetration. Iceland is at the top
of the list with 13.9 percent. The United States is
sixth (13.1 percent). A big surprise is Malaysia, a
middle-income country with one of the highest
proportions of digital natives (ranked 4th at 13.4
percent). Malaysia has a strong history of investing in educational technology.
Overall, there are approximately 363 mil-

lion digital natives out of a world population of
nearly 7 billion (5.2 percent).
The model was developed using data collected by the ITU through surveys conducted
around the globe. The study is part of the ITU’s
“Measuring the Information Society 2013” report, which was released in October 2013.
Best is a faculty member in the Ivan Allen
College of Liberal Arts and the College of Computing. His research focuses on information and
communication technologies for social, economic and political development, primarily in
low-income countries in Africa and Asia.
- Jason Maderer
CONTACT:
Michael Best
mikeb@cc.gatech.edu

Putting the Right Face on an Assistive Robot

Photo: Rob Felt

Future assistive robots could help people with a variety of tasks, but what should those robots look like? A new study found that appearance expectations varied according to age and the task being
assigned to the robot.

W

chology graduate student who led the study. “As a result,
preferences for robotic appearance varied across tasks.”
Preferences were less strong for helping with
chores, although the majority of both older and younger
participants chose a robot with a robotic face. But for
decision-making tasks, such as getting advice for where
to invest money, younger participants tended to select a
mixed human-robot appearance. A robotic face was their
least favored choice for this task. Older adults generally
preferred a human face.
“Those who selected a mixed face perceived the robot
as more intelligent, smarter or wiser than one with a ‘cute’
robotic face. Perceived intelligence in appearance was an
important assessment criterion for receiving assistance
with decision-making tasks,” said Prakash.
Personal care tasks such as bathing provoked the
most divisive preferences within both age groups. Those
who chose a human face did so because they associated
the robot with human-like care capabilities – such as nursing – and trustworthy traits. Many others didn’t want
anything looking like a human to bathe them due to the
private nature of the task.

“Sometimes personal care can get pretty involved.
Many participants said they would rather have an impersonal looking creature caring for their personal needs,”
Prakash said.
In the final category, assistance with social tasks, both
age groups preferred a human face for the assistive robot.
The findings were presented in October 2013 at the
Human Factors and Ergonomics Society International Annual Meeting.
Prakash is advised by Professor Wendy Rogers, who
leads Georgia Tech’s Human Factors and Aging Laboratory. The lab’s previous research explored the willingness of
older adults to accept robots into their daily lives. Another
study asked health care assistants if they wanted a human
or robotic assistant.
- Jason Maderer and Meghan Feeney
CONTACT:
Wendy Rogers
wendy.rogers@psych.gatech.edu
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hat does the assistive robot of the future look like?
It depends.
A new Georgia Tech study has found that older and
younger people have varying preferences about what they
would want a personal robot to look like. And they change
their minds based on what the robot is supposed to do.
Participants were shown a series of photos portraying either robotic, human or mixed human-robot faces
and were asked to select the one that they would prefer
for their robot’s appearance. Most college-aged adults in
the study preferred a robotic appearance, although they
were also generally open to the others. However, nearly 60
percent of older adults said they would want a robot with
a human face, and only 6 percent of them chose one with
a mixed human-robot appearance. But the preferences in
both age groups wavered a bit when participants were told
the robot was assisting with personal care, chores, social
interaction or for helping to make decisions.
“We found that participants, both younger and older,
will assign emotional traits to a robot based on its face,
which will determine what they are most comfortable
interacting with,” said Akanksha Prakash, a School of Psy-
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Control Scheme Maintains Unstable Quantum Systems

Photo: John Toon

Georgia Tech School of Physics professor Michael Chapman poses with a laser system used to study the dynamic control of unstable quantum systems.
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simple pendulum has two equilibrium points:
hanging in the “down” position and perfectly
inverted in the “up” position. While the “down” position is a stable equilibrium, the inverted position
is not stable. Any deviation from perfectly inverted
causes the pendulum to swing down.
It has been known for more than 100
years, though, that an inverted pendulum can
be stabilized by vibrating the pivot point. This
non-intuitive phenomenon is known as dynamic stabilization, and it has led to a broad
range of applications including charged particle
traps, mass spectrometers and high-energy particle accelerators.
Many-body quantum systems can also be
placed into unstable non-equilibrium states,
and like the inverted pendulum of classical
physics, they typically evolve away from these
states. Now, Georgia Tech researchers have
demonstrated a way to maintain an unstable
quantum system by applying bursts of microwave radiation – a quantum analog to vibrating
the inverted pendulum.
In an experiment that could have implications for quantum computers and quantum
simulators, the researchers used microwave
pulses of varying amplitudes and frequencies to
control a quantum system composed of a cloud

of approximately 40,000 rubidium atoms cooled
nearly to absolute zero.
The research, sponsored by the National Science Foundation and reported in August 2013 in
the journal Physical Review Letters, experimentally demonstrated dynamical stabilization of a
non-equilibrium many-body quantum system.
“In this work, we have demonstrated that
we can control the quantum dynamics of a cloud
of atoms to maintain them in a non-equilibrium
configuration analogous to the inverted pendulum,” said Michael Chapman, a professor in the
School of Physics. “What we actually control is
the internal spins of the atoms that give each
atom a small magnetic moment. The spins are
oriented in an external magnetic field against
their will such that they would prefer to flip their
orientation to the equilibrium position.”
Mathematically, the state of the rubidium
atoms is virtually identical to that of the simple
mechanical pendulum, meaning that Chapman
and his students have controlled what could be
called a “quantum inverted pendulum.”
In their experiment, the researchers began
with a spin-1 atomic Bose-Einstein condensate
initialized in an unstable, fixed point of the
spin-nematic phase space – comparable to an
inverted pendulum. If allowed to freely evolve,

interactions between the atoms would give rise
to squeezing, quantum spin mixing and eventually relaxation to a stable state – comparable
to a pendulum hanging straight down from a
pivot point.
By periodically applying bursts of microwave radiation, the researchers rotated the
spin-nematic many-body fluctuations, halting
the squeezing and the relaxation toward stability. The researchers investigated a range of
pulse periods and phase shifts to map a stability diagram that compares well with what they
expected theoretically.
“The net effect is that the many-body system basically returns to the original state,” said
Chapman. “We reverse the squeezing of the
condensate, and after it again evolves toward
squeezing, we cause it to return. If we do this
periodically, we can maintain the Bose-Einstein
condensate in this unstable point indefinitely.”
In addition to Chapman, other co-authors
of the paper include T.M. Hoang, C.S. Gerving,
B.J. Land, M. Anquez and C.D. Hamley.
- John Toon
CONTACT:
Michael Chapman
mchapman@gatech.edu

Agile Aperture Antenna Is Tested on an Ocean Vehicle

A

ntenna technology originally developed to quickly send
and receive information through a software-defined
military radio has been used to transmit ocean data from
a wave-powered autonomous surface vehicle. The technology automatically compensates for the movement of the
antenna as the boat bobs around on the ocean surface.
The Agile Aperture Antenna technology developed
by the Georgia Tech Research Institute (GTRI) is expected
to provide a more reliable and faster method of transmitting video, audio and environmental data – such as
salinity, temperature, fluorescence and dissolved oxygen – from an ocean vehicle to land via satellite.
The antenna was tested on a Wave Glider vehicle
in the ocean off the coast of Hawaii. The Wave Glider,
an autonomous marine robot developed by Californiabased Liquid Robotics, Inc., uses the energy from ocean
waves for propulsion. The Wave Glider can collect ocean
data for a wide range of applications, including meteorology, oceanography, national security and offshore
energy. Solar panels on the vehicle power the antenna,
which requires only 0.25 watts of power and can switch
up to 1,000 beams per second.
During the demonstration, the antenna maintained
a satellite link with a sustained data upload rate of 200
kilobits per second (Kbps) for several hours, despite the
Wave Glider rolling and yawing back and forth on the
waves. The Agile Aperture Antenna required significant-

ly less power and space to achieve these test results than
a gimbaled antenna or a phased array solution.
“Because the antenna autonomously tracked its
own position and orientation relative to the satellite and
steered itself to stay connected, it maintained a highly directional antenna beam to the satellite as the craft moved
around, which enabled data transfers near the maximum
expected rate of 240 Kbps,” said Gregory Kiesel, a GTRI senior research engineer. “Antenna integration was also easy
because the craft did not need to communicate with the
antenna to maintain the connection.”
The Agile Aperture Antenna requires less power and
takes up less space than traditional antenna solutions
including mechanical systems and phased-array antennas. The technology also exhibits higher reliability than
mechanical systems and is less expensive than phasedarray antennas.
“The combination of the Wave Glider’s long duration and intelligent autonomy capabilities through
GTRI’s new Agile Aperture Antenna provides customers
with increased communications precision through the
roughest of seas,” said Richard “Scoop” Jackson, director
of federal business development with Liquid Robotics.
“The availability of the GTRI Agile Aperture Antenna on
the Wave Glider SV Series comes at a perfect time when
deployment of autonomous surface vehicles for maritime security is rapidly increasing due to the cost and

capability advantages.”
The antenna’s performance can be optimized because it is reconfigurable, which means the electrical
structure of the antenna can be easily changed – even
while in operation in the field. The antenna consists
of a thin dielectric substrate that supports an array of
square, metallic patches that can be switched on or off
as needed to provide the proper configuration. The researchers measure the antenna patterns to determine
which switches should be open and which should be
closed to optimize the antenna performance.
While the antenna remained in a fixed 45-degree
position for the recent demonstrations, a different
iteration of this design is actively being developed –
a smaller profile antenna that is able to achieve full
hemispherical coverage. This design is intended to reduce the visibility of the Wave Glider while maintaining
satellite connectivity from any position in the water.
- Abby Robinson
CONTACTS:
Gregory Kiesel
gregory.kiesel@gtri.gatech.edu
Matthew Habib
matthew.habib@gtri.gatech.edu

An Agile Aperture Antenna developed by the Georgia Tech Research Institute was tested on this Wave Glider off the coast of Hawaii. The technology allows reliable satellite communication even as the vehicle
moves about on the ocean surface.
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Researchers Determine Structure of Possible Antimicrobial Target

Image courtesy J.C. Gumbart

This graphic shows two conformations of BamA (gold) against a lipid bilayer background. The left side shows the crystallized form of BamA, almost completely closed, while the
right shows a laterally open state revealed by the simulations. The red color denotes the interior of the barrel.
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oncern about bacterial resistance to existing antibiotics has created strong interest in
new approaches for therapeutics able to battle
infections. The work of an international team of researchers that recently solved the structure of a key
bacterial membrane protein could provide a new
target for drug and vaccine therapies able to battle
one important class of bacteria.
The researchers determined the structure of
BamA, a key component of the cellular machinery
that controls insertion of beta-barrel proteins into
the outer membranes of Gram-negative bacteria,
organisms that cause a range of infections.
Beta-barrel membrane proteins transport
substrates ranging from small molecules to large
proteins into and out of the Gram-negative bacteria. These transport proteins help maintain the
structure and composition of the outer membrane.
Responsible for the virulence of pathogenic strains,
the proteins are also essential to the viability of the
bacteria – making them of interest for the development of new therapeutics.
“Because BamA is required for viability in all
Gram-negative bacteria, it is a promising candidate
for vaccines and drugs targeting bacterial infections,” said Susan Buchanan, a senior investigator
in the National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK), part of the National
Institutes of Health (NIH). “Knowing the structure
and understanding how BamA works will likely
help advance vaccine and drug design, and could

result in novel antibiotics.”
The research team solved BamA structures
from two bacteria: Neisseria gonorrhoeae and Haemophilus ducreyi. Buchanan, the paper’s principal
author, said several biotechnology companies are
already interested in understanding the structure
of the protein and how it functions.
The team reported its findings September 1,
2013, in the journal Nature. The research was led
by NIH scientists and included researchers from
Georgia Tech, Monash University in Australia and
Diamond Light Source in the United Kingdom.
“Learning how individual amino acid residues are organized into three-dimensional protein
structures helps us understand features that are not
apparent by any other type of analysis,” Buchanan
said. “With a crystal structure, we essentially have a
snapshot of what the protein looks like in 3D, which
is a huge advantage in determining how a particular protein functions and in designing therapeutics.”
Once they had determined the three-dimensional structure of the protein, the researchers still
needed to understand how the BamA-mediated insertion mechanism worked. To develop clues to the
protein’s function, a Georgia Tech researcher carried
out molecular dynamics simulations to provide a
hypothesis that could be tested experimentally.
“When we looked at the structure, it wasn’t
obvious to us how BamA helps proteins insert into
the membrane,” said J.C. Gumbart, an assistant
professor in the Georgia Tech School of Physics.

“What my simulations revealed is that the barrel
spontaneously opens and closes laterally to the
membrane. We could actually see the opening of
the barrel in the simulations, and based on that,
came up with a hypothesis for how it could assist
insertion of proteins into the outer membrane of
the bacteria.”
For example, the crystalline structure of the
protein showed that one side of the membranespanning beta-barrel domain is shorter than the
other side, a feature that, according to the simulations, compresses the lipid bilayer and locally
destabilizes the lipids in that region. The structure
provides a potential route for inserting newly-synthesized outer membrane proteins.
In conducting the simulations, Gumbart used
the special-purpose Anton supercomputer at the
Pittsburgh Supercomputing Center. The simulations
will next have to be validated by experimental research, which could provide additional information
about how the membrane proteins are inserted. In
turn, that may lead to further simulations and additional experiments.
- John Toon
CONTACT:
J.C. Gumbart
gumbart@physics.gatech.edu

Microparticles Create Localized Control of Stem Cells
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Professor Todd McDevitt and graduate student Anh Nguyen make microparticles to be used for delivering growth factors to stem cells.

differentiation of the stem cells, potentially allowing formation of heterogeneous structures formed from different cells.
Groups of stem cells stick together as they develop,
forming multicellular aggregates that form spheroids as
they grow. The researchers took advantage of that by driving
microparticles containing growth factor BMP4 or noggin into
layers of stem cells using centrifugation. When the cell aggregates formed, the microparticles became trapped inside.
The researchers used confocal imaging and flow cytometry to observe the differentiation process and found
that growth factors in the microparticles directed the cells
toward mesoderm and ectoderm tissues just as they do in
solution-based techniques. But because the BMP4 and noggin molecules were directly in contact with the cells, much
less growth factor – approximately 12 times less than what
would be required by conventional solution-based techniques – was needed to spur the differentiation.
“To build tissues, we need to be able to take stem cells
and use them to make many different cell types which are

grouped together in particular spatial patterns,” explained
Andres M. Bratt-Leal, the paper’s first author and a former
graduate student in McDevitt’s lab. “This spatial patterning is what gives tissues the ability to perform higher
order functions.”
In addition to those already mentioned, the research
team also included Anh H. Nguyen, Katy A. Hammersmith
and Ankur Singh, all associated with Georgia Tech and Emory University when the research was conducted.
This research was supported by the National Institutes of Health
(NIH) through award GM088291 and the National Science Foundation (NSF) through award CBET 0651739. Any conclusions or
opinions are those of the authors and do not necessarily represent
the official views of the NIH or NSF.

— John Toon
CONTACT:
Todd McDevitt
todd.mcdevitt@bme.gatech.edu
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efore scientists and engineers can realize the dream of
using stem cells to create replacements for worn out
organs and battle damaged body parts, they’ll have to develop ways to grow complex three-dimensional structures
in large volumes and at costs that won’t bankrupt health
care systems.
Researchers are now reporting advances in these areas
by using gelatin-based microparticles to deliver growth
factors to specific areas of embryoid bodies, which are aggregates of differentiating stem cells. The localized delivery
technique provides spatial control of cell differentiation
within the cultures, potentially enabling the creation of
complex three-dimensional tissues. The local control also
dramatically reduces the amount of growth factor required, an important cost consideration for manufacturing
stem cells.
The microparticle technique, which was demonstrated
in pluripotent mouse embryonic cells, also offers better
control over the kinetics of cell differentiation by delivering
molecules that can either promote or inhibit the process.
Based on research sponsored by the National Institutes of
Health and the National Science Foundation, the developments were reported online July 1, 2013, in the journal
Biomaterials and were presented at the 11th Annual International Society for Stem Cell Research meeting held in
Boston June 12-15, 2013.
“By trapping these growth factors within microparticle
materials first, we are concentrating the signal they provide
to the stem cells,” said Todd McDevitt, an professor in the
Wallace H. Coulter Department of Biomedical Engineering
at Georgia Tech and Emory University. “We can then put the
microparticle materials physically inside the multicellular
aggregate system that we use for differentiation of the stem
cells. We have good evidence that this technique can work,
and that we can use it to provide advantages in several different areas.”
The differentiation of stem cells is largely controlled
by external cues, including morphogenic growth factors,
in the three-dimensional environment that surrounds
the cells. Most stem cell researchers currently deliver the
growth factors into liquid solutions surrounding the stem
cell cultures with a goal of creating homogenous cultures
of cells. Delivering the growth factors from microparticles,
however, provides better control of the spatial and temporal
presentation of the molecules that govern the growth and
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