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LETTER FROM THE DEAN

Lehigh’s future is now
Welcome to the Fall 2018 issue of Resolve—a magazine dedicated to
research and educational innovation in the P.C. Rossin College of
Engineering and Applied Science at Lehigh University.
As this issue reaches our readers’ virtual and
physical doorsteps, Lehigh is in the very
early stages of a capital campaign that charts
a bold course for our future. Given that the
campaign focuses on areas of critical importance to our College’s future, my sincere
hope is that every member of the Rossin
College community considers lending their
support to this important endeavor.
There is no doubt that ours is an
outstanding University that embodies
innovation in undergraduate and graduate education, excellence
in research and scholarship, and a true commitment to effecting positive
change in our community
and our world. And it is
equally clear that Lehigh
people are not the kind to
sit back and relax. Our students, faculty, and alumni
pride themselves on rolling
up their sleeves, diving in, and getting the
job done. It’s a mindset that pervades the
University, one that is especially true of
Lehigh engineers.
GO: The Campaign for Lehigh,
captures this ethos, and is rallying the
entire Lehigh community to support
initiatives in key areas such as financial
aid, academic programs and experiential
learning, and impactful, transformative
research. Strategic investments in these
priority areas will ensure that Lehigh
continues to deliver a distinctive education to its students, sustained by new
knowledge and crucial insight developed
in our labs.
Our aspirations as a College are focused
around experiential learning and interdisciplinary research, and these are reflected
fully in the University’s campaign priorities. That’s no coincidence: the vision for
the Rossin College is an integral part of

Lehigh’s future—a future that the campaign puts into our hands. Even though
this campaign is just underway, our
College is already engaged in efforts that
drive us toward achieving these goals, as
evidenced throughout this issue of Resolve.
The interdisciplinary research focus of
the Institute for Functional Materials and
Devices (p. 16), launched earlier this
year, is a key way that we are enabling the
University to solidify and further develop
partnerships and strengths in areas that
resonate within our academic community, and beyond.
I would be remiss if I
didn’t mention the young
“rockstar” faculty featured
on the cover, the Rossin
C o l l e g e’s
2018
NSF
CAREER Award winners
(p. 10.) It is rare, at best,
for a school of our profile to
boast this many awardees in
a single year, especially from such a broad
array of backgrounds and disciplines.
Results like these transmit an undeniable

for experiential learning—and for creative thinking in structuring industryacademic partnerships. And the students
of “Team Soterra” (p. 2) show that,
sometimes the best experiential learning
opportunities are the trails students are
supported in blazing for themselves.
At this juncture in Lehigh’s journey,
your support and engagement is more

“O ur aspirations as a College are focused around experiential
learning and interdisciplinar y research, and these are reflected
fully in the University’s campaign priorities.”
signal about Lehigh’s emerging leadership in interdisciplinary research; by
the way, did you know that more than
27% of our College’s full time faculty
are previous winners of this prestigious
award, as well?
The “Educational Innovation” article
in this issue highlights an annual effort
between our mechanical engineers and
the multinational firm TE Connectivity
(p. 22). Together with a local middle school, this partnership has developed an innovative course/communityoutreach project that serves as a model

crucial than ever. Thank you for your
continued interest in Lehigh Engineering
and the Rossin College, and please feel
free to drop me a line with your thoughts
and comments.

Stephen P. DeWeerth, Professor and Dean
P.C. Rossin College of
Engineering and Applied Science
steve.deweerth@lehigh.edu
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This network makes a difference
Student team develops tech for all the right reasons
A team of Lehigh undergraduate students, one of five in the final round of
the $1 million Anu and Naveen Jain
Women’s Safety xPrize competition, has
been awarded $50,000 for further development of their women’s safety device,
Soterra. The device fits in the palm of
the hand or clips on clothing, allowing
women in threatening situations to send an alert to

friends and family or to the police—even
if they don’t have a cell phone or access
to the internet.
“Being at the United Nations to celebrate the accomplishments of the past
year was incredible for us,” says Emily
Randolph ’19, an Integrated Business
and Engineering (IBE) student studying
industrial and systems engineering and
finance. “This was incredibly validating
and exciting for us, and we look forward
to further developing our solution.”
Entrepreneurs and philanthropists
Anu and Naveen Jain launched the competition as a way to challenge teams to
leverage technology to keep women and
communities safe around the world.
After being selected as semi-finalists
from an initial pool of 85 teams from
18 countries, the Lehigh team traveled
to Mumbai, India, for further competition. They were then selected as finalists and participated in a final round of
testing that included demonstration of

Soterra on a train, a bus and in other
public settings.
“We entered this competition because
we are a group of students passionate
about the cause and dedicated to using
engineering and technology to solve realworld problems—and that is exactly
what we have started to do,” says Emily.
“This journey was the experience it was
because of the team. We’ve traveled
the world together, we’ve spent sleepless
nights together and we’ve accomplished
this all together. I’m so thankful for
everything I’ve learned and to have had
the chance to represent my team, Soterra,
and Lehigh University on a world stage.”
Although the team did not come away
with the top prize, Soterra is still poised
to make an impact, said Lena McDonnell
’18, a computer science major and the
team’s captain.
“We’re quite excited about the outcome and about the impact this technology will have on our future,” she says.

Boundless creativity
Lehigh computer scientists partner with NSF to expand Mountaintop’s reach

Professor Mooi Choo
Chuah (center, left) and
Georgia Tech student
Nicole Wang (center,
right) review their REU
project prototype along
with Lehigh student
teammates Robbin Xu,
He Huang, Zhoujie Ji,
and Lihao Zhu (clockwise from bottom left.)

Can software tell surgeons the success of a medical procedure—
before it is complete? Can a boat read a river? Can a robot pick a berry?
Over the past five years, Lehigh’s Department of Computer Science
and Engineering (CSE) has brought students
from all over the U.S. to Lehigh to answer
questions such as these.
With support from the National Science
Foundation’s Research Experience for
Undergraduates (REU) program, these students join Lehigh graduate mentors and CSE
faculty team leaders for what amounts to a
taste of a graduate life.
“REU provides for students who don’t have
the opportunity to otherwise engage in intense
research projects,” says Brian Davison, an associate professor and
principal investigator for Lehigh’s Intelligent and Scalable Systems REU
program, “and Building C on Lehigh’s Mountaintop Campus is a perfect
context to introduce talented young engineers to Lehigh.”
One REU team used artificial intelligence to help brain surgeons
“see” how successfully they had removed a tumor—before finalizing
the procedure and resealing the braincase. The team’s software transforms an MRI into a 3D image that can be interpreted immediately,
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allowing medical practitioners to more confidently determine their
next steps.
Another team helped to enable autonomous boats to monitor
and survey the conditions of the Lehigh River.
Some of the students worked to incorporate a
camera into the craft, while others improved
upon mechanical designs, added sensors, and
developed navigation schemes.
A third team, which included Nikolas Lamb
from Clarkson University, helped to build a neural
network to identify strawberries in a field. His
team programmed a small, single-board computer
to detect the berries and then instruct a robotic
arm to gently pluck the delicate fruit. His advisor,
Professor Mooi Choo Chuah, encouraged him to apply to Lehigh for his
Master’s degree and praised the quality of the REU students.
“This is the type of student we want to recruit for our graduate
program,” she says. “Undergraduate students blossom through exposure to project-based experiences, and employers are aware of the
value of this type of learning, as well.”
READ LONGER ARTICLE

@ lehigh.edu/resolve

Sticking to it

Pearson honored for career
in adhesion research
A career-long quest to
create and understand
RESEARCH
“toughened” epoxies
has led to The Adhesion
Society’s 2018 Award
for Excellence for Lehigh
University’s Ray Pearson.
Pearson is a professor in the materials
science and engineering department as
well as the director of the Polymer Science
and Engineering graduate program.
The award, sponsored by 3M, is the
s o c i ety’s premier recognition for outstanding achievement in scientific research
about adhesion. Pearson was honored at
the Adhesion Society Symposium earlier
this year.
“I began my career
looking at rubbertoughened epoxies
that contain rubber
par ticles with diameters ranging from 2
to 100 microns,” said
Pearson. “Today, the
par ticles are closer to
50 nm in diameter.”
Since the award’s initiation 31 years ago,
Lehigh University is the only organization
to have won more than once. Past winners include Anand Jagota in 2014, Manoj
Chaudhur y in 2005 and Frederick Fowkes
in 1989.
Pearson’s research focuses on the fracture of polymeric materials, specifically
blends and composites. A prolific author
who has written over 65 refereed publications and eight textbook chapters, Pearson
has also presented more than 130 conference papers and presentations in the
U.S. and abroad and edited volumes for
the American Chemical Society, Materials
Research Society, Polymer Engineering
and Science and American Society of
Mechanical Engineers.
Pearson is a fellow of the Society of
Plastics Engineers (SPE) and was recently
elected to its executive board, where he
will provide insight and oversight for SPE’s
advancement of technology related to the
plastics industry education programs.

RECOGNITION

Smoking delays bone healing
Science offers yet another reason to quit that nasty habit already
that isn’t easy to measure,” says Dailey.
In adults, tibia (shinbone) fractures are usually
Another important result from the study was
fixed through the surgical implantation of a slenthat smoking significantly delays bone healing.
der metal rod called an intramedullary nail in the
“We are all familiar with some of the more
hollow space within the bone. However, in 10% to
well-known negative health effects of smoking,
15% of cases the bone fails to heal in a timely manbut the influence on bone healing is less widely
ner, resulting in a nonunion—or arrested healing.
known outside the medical community,” says
This is considered a serious complication in the
Dailey. “Our study recommended that all fracture
healing of a fracture. Patients who experience nonpatients should be provided with
union can be significantly affected
support for smoking cessation to
by pain, increased duration of opi“L EHIGH’S CULTURE
help reduce the risk of complicaoid use, and depression. Medical
OF INTERDISCIPLINtions related to their injury.”
costs and lost wages are also high,
A R Y RESEARCH AND
From the study: “Smoking did
and only about 60% of nonunion
not
increase the risk of nonpatients are able to return to work
UNDERGRADUATE
union
but did significantly extend
within one year.
RESEARCH INVOLVEthe median time to union.
An interdisciplinary study by
MENT MAKES EXCITING
Nonunion risk also shows a
Hannah Dailey, an assistant proTHINGS POSSIBLE.”
nonlinear trend with age, and
fessor of mechanical engineering,
—Hannah Dailey
women in middle adulthood
and Ping-Shi Wu, an associate promay be at increased risk comfessor of mathematics in Lehigh’s
pared with all other groups. This
College of Arts and Sciences, examfinding is not explained by the
ined 1,003 patient records from
distributions of injury charactera large database compiled by the
istics and suggests that exogenous
world’s leading experts on nonfactors, such as weight-bearing
union, Dr. Charles Court-Brown
behavior, may have a contributand Dr. Margaret McQueen—both
ing effect and should be objectively measured in
of the Royal Infirmary of Edinburgh, Scotland—
future prospective investigations.”
of patients treated in their trauma center from
Adds Dailey: “This paper illustrates how
1985 to 2007.
Lehigh’s culture of interdisciplinary research and
The results were published in the July issue of
undergraduate research involvement makes
Journal of Orthopaedic Trauma. One surprising result
exciting things possible. I’m not a statistician,
the researchers found was that patients in the
but I was connected to Professor Wu through a
middle decades of life, particularly women aged
Katie Wu ’18, a Lehigh undergraduate who was
30-49, seemed to be at increased risk of nonunion.
studying statistics and working for me one sum“This finding does not have a simple obvious
mer in the Biosystems Dynamics Summer
biological explanation, and suggests that there
Institute (BDSI) program on an unrelated projare other factors—such as living environment,
ect. This grew into a long-term collaboration,
employment, activity levels and others—that
and produced this exciting study.”
could be contributing to bone healing in a way
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Rooting out Ebola’s biomechanical enabler
Can potential host cells be trained to lock out the deadly disease?
In some ways, the Ebola virus operates
like a vampire; only after it is politely
invited in to a host cell does it take up the
task of destroying everything in its path.
The virus uses the everyday function of endocytosis—the taking in of
matter by a living cell—to gain entry,
first attaching to the outer wall before a
vesicle forms to draw it into the cell.
In a new study supported by the

National Institutes of Health, researchers
at Lehigh University seek to elucidate
quantitatively—for the first time—the
biomechanical mechanism of Ebola-host
cell interaction, providing potential new
targets for antiviral drug development.
“It is not hyperbole: the outbreak of
an Ebola virus epidemic poses a major
threat to the entire world,” says Frank
Zhang, an associate professor of bioengineering and of mechanical engineering
and principal investigator on the project.
“Yet, because the mechanisms of the
actual infection process remain obscure,
there is still no specific treatment or vaccine for this dreaded disease.”

Lehigh professors Frank
Zhang (above, standing)
and Anand Jagota (below)
lead a team of researchers
seeking to better understand the biomechanical
mechanisms that supports
Ebola’s ability to interact
with potential host cells.

EBOLA
AT A GLANCE

THERE ARE

FIVE

STRAINS
OF EBOLA
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AN AVERAGE OF
OUT
OF
PEOPLE INFECTED WILL DIE
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While Ebola-host cell attachment has
been shown to depend on the molecular biomechanics of interaction between
receptors on the cell surface and the
outer coat of the virus, the quantitative understanding essential for guiding
the development of therapies has yet
to be developed, says Anand Jagota.
Jagota serves as co-PI on the project,
and is founding chair of the Department
of Bioengineering and Professor of
Chemical and Biomolecular Engineering.
The Lehigh team supporting the
project pairs Jagota’s expertise in computational molecular adhesion mechanics
with Zhang’s focus in mechanosensing—
how cells sense and respond to mechanical stimuli. The project, supported by
the National Institute of Allergy and
Infectious Diseases through a grant totaling nearly a half million dollars over a
three year period, formally launched in
January of 2018.
According to the team, recent work
by other researchers has established the
importance of the T-cell immunoglobulin and mucin (TIM) family of proteins
in the virus’ ability to attach to a cell,
specifically the geometry and mechanical
properties of TIM’s so-called mucin-like
stalk domains (MLD). Jagota and Zhang
intend to use their skills in experimental
and theoretical molecular biomechanics
to build upon these recent findings.
“Our hypothesis is that quantitative
knowledge about the length, rigidity and
charge of MLD can be used to predict
conditions for Ebola’s attachment,” says
Jagota. “Through this study, we hope to
provide new pharmacological targets and
aid in the development of much-needed
antiviral therapeutics for the prevention
and treatment of Ebola.”

SYMPTOMS
INCLUDE

HIGH FEVER, SEVER HEADACHE,
SORE THROAT, MUSCLE PAIN,
VOMITING, STOMACH PAIN

UP TO

60%

OF EBOLA VICTIMS
ARE WOMEN

Taking the gamble out of Ebola outbreaks
NIH grant supports statistical assessment to predict the disease’s spread
Ebola is a zoonosis—a viral disease transmitted from animals to humans. Once
symptoms appear after direct contact with
infected body fluids, the risk of death is
between 25 and 90 percent. Patients typically succumb to low blood pressure due to
internal and external bleeding.
The carriers of the Ebola virus are

believed to be fruit bats, which are not
affected by the disease. The bats are known
as reservoirs, meaning they naturally harbor disease-causing organisms and serve as
potential sources of disease outbreaks for
more than 60 zoonoses, including rabies,
SARS, and Ebola.
Though bats are essential members of
the global ecosystem, they are also especially adept at harboring and spreading
disease. To make matters worse, Ebola
outbreaks are intermittent, and little is
known about when, where or how the next
one will occur.
To better predict Ebola outbreaks and
contain them before they spread, two
Lehigh University researchers are developing a forecasting tool to estimate the risk.

28,600
DIED

2014-16 OUTBREAK

The risk of an Ebola outbreak
goes well beyond humans contracting the disease.
“The Ebola virus decimates the
great ape population, which poses
a conservation hazard,” Bocchini
continues. “Ebola represents a
major threat worldwide through the
potential global spread of infections, so an
outbreak can have dramatic humanitarian
as well as economic consequences.”
The study aims to manage the uncertainty associated with a prediction by integrating a broad set of factors, encompassing tools from computational epidemiology,
engineering, data science and uncertainty
quantification. The team is studying bat
migratory patterns due to environmental
pressures, and also plans to consider socioeconomic, cultural and demographic factors
to better understand the risk of an outbreak.
“To understand the ecology of the
zoonotic niche, we are developing compartmental epidemiology models that

Analyzing the migration
paths of fruit bats can
help public health
officials decide how
best to deploy medical
resources in the event
of an Ebola outbreak.

“ E BO L A R E P R E S E N T S A M A J O R T H R E AT WO R L DW I D E T H RO U G H T H E P OT E N T I A L
G L O BA L S P R E A D O F I N F E C T I O N S, S O A N O U T B R E A K C A N H AV E D R A M AT I C
H U M A N I T A R I A N A S W E L L A S E C O N O M I C C O N S E Q U E N C E S .” —Paolo Bocchini
Paolo Bocchini, an associate professor of
civil and environmental engineering, are
the principal investigators of the project, which is supported by the National
Institutes of Health.
“Bat migration patterns are affected
by complex factors, including temperatures and weather patterns,” Bocchini says.
“Knowing the probabilities of how, and in
what direction, an outbreak will occur can
allow officials to rapidly direct doctors and
supplies, as well as apply proper prevention
and mitigation strategies.”

include resource dynamics, variability,
climate change and bat mobility,” Buceta
says. “Our model will be calibrated with
factual satellite data by means of different
regression techniques. Lehigh’s NGO
(Non-Governmental Organization) status
through the United Nations has played a
major role in helping us secure an agreement with Nigeria and its Center for Public
Health as a case study partner.”
READ LONGER ARTICLE
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1976

TWO
TO 21

IN CONGO NEAR RIVER EBOLA

INCUBATION PERIOD

YEAR EBOLA VIRUS
WAS FIRST DISCOVERED

INFECTED

11,325

The project applies computational
analysis to predict the spread of disease,
which in turn will facilitate the preemptive deployment of resources as well as the
application of focused mitigation plans.
Javier Buceta, an associate professor
of bioengineering and of chemical and
biomolecular engineering, together with

DAYS

FRUIT BATS

CONSIDERED TO BE
NATURAL EBOLA VIRUS
HOSTS
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Kothare elected
AIChE Fellow
Professor Mayuresh
Kothare has been
RESEARCH
elected as a Fellow
of the American
Institute of Chemical
Engineers (AIChE),
recognition of outstanding professional
accomplishment in research and teaching.
Kothare, the R. L. McCann Professor
and Chair of Chemical and Biomolecular
Engineering, is also among a very select
group of chemical engineers who have
been named as Institute of Electrical and
Electronics Engineers (IEEE) Fellows. IEEE
cited Kothare in 2012 for his “contributions
to multivariable constrained control systems
and model predictive control.”
His research interest are inherently
interdisciplinary, and span the problems
of constrained and optimal predictive control theory, robustness analysis, MEMS and
microchemical systems, control of microsystems, embedded control of biomedical
systems, neuroengineering and closed-loop
neuroprosthetic systems.
Kothare’s research publications have been
cited more than 8,200 times, earning an
h-index of 34 and marking him as one of
the leading experts in
the world in his field.
He currently serves as
an Associate Editor
for IEEE Transactions
on Systems, Man and
Cybernetics: Systems,
and has previously
served on the editorial boards of Automatica,
IEEE Transactions on Automatic Control, the
American Control Conferences, and as Guest
Editor for Journal of Process Control.
A member of IEEE, AIChE, Sigma Xi,
and the American Association for the
Advancement of Science, Kothare has served
as Chair of the Computing and Systems
Technology (CAST) division of AIChE. His
awards include the CAST division’s Ted
Peterson Award and its Outstanding Young
Researcher Award. He is a past recipient of
an NSF CAREER Award, and was an invited
attendee at the 2008 Frontiers of Engineering
symposium of the National Academy of
Engineering.

RECOGNITION

The future of electricity is a snap
Microgrids as building blocks toward smarter electricity provision

Wenxin Liu believes
that flexible, modular,
decentralized microgrid
systems are the future
of electricity provision.

According to Wenxin Liu, an assistant
professor of electrical engineering, the
future of power is microgrids.
A microgrid consists of multiple distributed generators and loads and can
work in both grid-connected or autonomous modes.
“Traditional, centralized power
grids—where power is generated, transmitted and then distributed to users—
are fast becoming a thing of the past,”
says Liu.
Power electronics techniques, he continues, have significantly improved the
flexibility, reliability and power density of
microgrids. However, control of microgrids
remains a challenge due to reduced inertia,
increased uncertainty and a wide range of
operating conditions.
Liu is working on a novel concept:
developing what he calls “LEGO-like”
power electronic systems that are easily—and inexpensively—customized.
This involves developing advanced hardware to improve a system’s capability
and potential—in this case, through the
development of modular power converters and advanced controller hardware for
high-performance component-level and
system-level applications.
It also involves advanced software
design to unlock hardware potential,
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improve performance and lower cost.
“What I want is to develop something
that is small and modular,” says Liu. “If
an application needs higher voltage, we
can connect our ‘blocks’ in a series. If an
application requires a higher current, we
can connect them in parallel. If it requires
both, then we can connect them in a
series and in parallel. In this way, we can
customize the overall system to support a
wide range of applications.”
The goal, says Liu, is to reduce the
time and expense it takes to construct or
customize equipment or a microgrid.
“With a modular system, if something is not working, it is much easier to
identify and replace parts, which reduces
maintenance costs,” says Liu.
Liu’s Smart Microgrid and Renewable
Technology (SMRT) research lab is well
equipped for advanced power and control studies. Major equipment include an
OPAL-RT real-time simulator, two renewable microgrid testbeds, and two modular
multi-level converters.
“My goal over the three years of the
project is to demonstrate the concept,
designing the hardware and then enabling
it with software,” says Liu. “We always
have two priorities: first we want to make
it work—and then we want to make it
work better.”

A laser breakthrough

An Olympic test of
composite’s mettle

Lehigh research team demonstrates terahertz semiconductor lasers

It was a monumental day for American Paralympian
Tyler Walker, who earned his first ever Olympic
medal in PyeongChang, South Korea. The fourtime Olympian won the silver medal in the men’s
sitting giant slalom at the 2018 Paralympic
Winter Games.
“I don’t know how to describe four
Paralympics,” Walker said. “A whole lifetime of
dreaming of this. It’s hard to put that down into a
single statement. It’s unreal.”
He was one of five American skiers posting a
top-10 finish in this year’s giant slalom.
Walker’s path to success got a boost from
Lehigh mechanical engineering professor
Joachim Grenestedt, director of the university’s
Composites Lab.
Grenestedt, who worked with land speed racers, boats and aircrafts, turned his attention to
monoskis when a former student was injured in an
accident and lost the use of his legs. An avid skier
himself, Grenestedt encouraged the student to try
adaptive skiing. While observing him on a monoski
for the first time, Grenestedt noticed that a large
number of monoskis at the lodge were broken.
“I’d seen a lot of these adaptive ski programs
and it is truly amazing what some people can do,”
Grenestedt explained. “I believed we could design
and manufacture a better sled.”
In 2011, with support from the Keystone
Innovation Zone (KIZ), DynAccess was born, an
adaptive ski equipment company whose slogan is
“Nature has no sidelines.” DynAccess monoskis
feature a stiff, strong frame, specially developed
suspension geometry and custom-made shock
absorbers, among other high-quality elements.
Word traveled fast in the small and close-knit
community of adaptive skiing.
“The frame moves in a very predictable way,”
Walker said. “It’s very light. It’s very strong. A lot
of thought went into the frame, and the shock
absorber really makes everything work.”

JOE KUSUMOTO PHOTOGRAPHY

mode lasers. Requiring single-mode operation
The ability to harness light into an intense
is especially important for terahertz lasers, since
beam of monochromatic radiation in a laser
their most important applications will be in
has revolutionized the way we live and work for
terahertz spectroscopy. Terahertz lasers are still
more than fifty years. Among its many applicain a developmental phase and researchers around
tions are ultrafast and high-capacity data comthe world are trying to improve their performunications, manufacturing, surgery, barcode
mance characteristics to meet the conditions
scanners, printers, self-driving technology and
that would make them commercially viable.
spectacular laser light displays. Lasers also find
As it propagates,
a home in atomic and
terahertz radiation
molecular spectrosis
absorbed
by
copy used in various
atmospheric humidity.
branches of science as
Therefore,
a
key
well as for the detecrequirement for such
tion and analysis of a
lasers is an intense
wide range of chemibeam such that it
cals and biomolecules.
could be used for
Lasers can be catoptical sensing and
egorized based on
analysis of substances
their emission wavekept at a standoff dislength within the electance of several meters
tromagnetic spectrum,
or more, and not be
of which visible light
absorbed. To this end,
lasers—such as those
Kumar’s research team
in laser pointers—are
is focused on improvonly one small part.
ing their intensity and
Infrared lasers are used
brightness, achievable
for optical communiin part by increasing
cations through fibers.
optical power output.
Ultraviolet lasers are Kumar’s research team seeks to improve the intensity and
In a recent paper
used for eye surgery. brightness of terahertz lasers.
published in the jourAnd then there are
nal Nature Communications, the Lehigh team—
terahertz lasers, which are the subject of
supervised by Kumar in collaboration with
investigation at the research group of Sushil
Sandia National Laboratories—reported on a
Kumar, an associate professor of electrical and
simple yet effective technique to enhance the
computer engineering.
power output of single-mode lasers that are
Terahertz lasers emit radiation that sits
“surface-emitting” (as opposed to those using
between microwaves and infrared light along
an “edge-emitting” configuration.) Of the two
the electromagnetic spectrum. Their radiation
types, the surface-emitting configuration for
can penetrate common packaging materials such
semiconductor lasers offers distinctive advanas plastics, fabrics and cardboard, and are also
tages in how the lasers could be miniaturized,
remarkably effective in optical sensing and analpackaged and tested for commercial production.
ysis of a wide variety of chemicals. These lasers
The team believes that its work could potentially
have the potential for use in non-destructive
improve performance of a broad class of surfacescreening and detection of packaged explosives
emitting semiconductor lasers that emit at difand illicit drugs, evaluation of pharmaceutical
ferent wavelengths.
compounds, screening for skin cancer and even
“Power levels of one watt and above should
the study of star and galaxy formation.
be achievable with future modifications of this
Applications such as optical spectroscopy
technique,” says Kumar. “This might just be the
require the laser to emit radiation at a precise
threshold industry needs to substantially take
wavelength, which is most commonly achieved
notice and step into commercialization of teraby implementing a technique known as “distribhertz laser-based technologies.”
uted-feedback.” Such devices are called single-
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INTERVIEW BY WILLIAM TAVANI
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A MATERIAL IMPACT

INTERDISCIPLINARY THINKER PURSUES A PASSION FOR MEDIC AL RESEARCH
Dr. Clare Rimnac ’80G ’83 Ph.D. has led a distinguished career in research and teaching, applying the principles of materials science in developing biomedical innovation. She is currently the
Wilbert J. Austin Professor and Distinguished University Professor at the Case School of Engineering
at Case Western Reserve University. Her work has focused on lifetime performance and degradation
of orthopaedic medical devices and materials, including 13 years as a Research Fellow and scientist
at the Hospital for Special Surgery in New York City prior to her Case Western appointment. Rimnac
is the first woman to earn a Ph.D. in materials science from Lehigh, and to receive the Department of
Materials Science and Engineering Distinguished Alumni Award.
Q: Much of your career has been in research. How
did you decide that this was what you wanted to do?
A: I was always interested in science, particularly
biology. Then I went from graduate school in engineering to a research position at the Hospital for Special
Surgery. And I really enjoyed it; I spent 13 years
in research there. But what I missed was teaching
and mentoring students. At Case Western Reserve
I combine the two: teaching and research—my two
great passions. So in the long run everything kind of
merged together: engineering at both the fundamentals and applied levels, and even my original interest
in biology by working in areas of medicine.
Q: Your early career was focused on traditional
materials science and on the industrial applications
of steel, PVC, and other materials. Yet, the impact

8 • RESOLVE • A FOCUS ON LEHIGH ENGINEERING

of your work may be better described as ‘health
and biomedicine.’ How did you forge that ‘interdisciplinary’ path?
A: When I was an undergraduate at Carnegie Mellon,
one of our faculty members was working on biomedical applications and I found it very interesting. On
term papers I almost always wrote about a biomedical application. Then at Lehigh University, I worked
on polymer fracture and participated in work for the
Hospital for Special Surgery. When Dick Herzberg
presented the work that he did for the hospital he
took me along. I expressed interest and the people at
the hospital offered me a postdoctoral fellowship in
their biomechanics group. Then they asked me to stay
on as a full-time researcher in the biomedical field.
It was a good fit.

Q: What role does materials science play in emerging ‘engineering-centric’ fields like personal/mobile
health, energy systems and environmental sustainability, and pervasive computing?
A: Materials science plays a role in everything made
by engineers. In personal mobile health, advanced
materials are needed for things like embedded sensors. In energy systems and environmental sustainability, we need to understand how to make solar
panels better so that they don’t degrade as fast. We’re
doing research in that area at Case Western Reserve.
Environmental sustainability includes developing biodegradable materials that don’t pollute. Pervasive
computing is another area where we are looking for
alternative materials that are more efficient in recycling so we need fewer initial raw materials. At the
core of these and many other areas is a deeper and
bettering understanding of advanced materials.
Q: Over your career, you have collaborated with
and been supported by government and private
agencies. How important are externally focused collaborations for academic research?
A: Responsiveness of academia to the needs of the
nation is extremely important. The funding agencies
look to researchers to help guide them and tell

Dr. Clare Rimnac
’80G ’83 Ph.D.,
associate dean
of research for
the Case School
of Engineering
at Case Western
Reserve University.

SEE LONGER
ARTICLE

@ lehigh.edu/
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made these devices were very responsive and they
modified the production of the plastics so they are
much more resistant to degradation and will last
longer for patients today.
Another contribution is our research on how
donor (allograft) bone tissue behaves following
processing for implantation in another person.
When you use bone from another person, it needs
to be sterilized, so that it doesn’t cause infection.
The sterilization process can alter the mechanical
properties of the bone tissue. We’ve been learning
a lot about what that sterilization process does to
bone tissue, making discoveries that will hopefully
help those sterilized allograft bone constructs last
longer in future patients.
Q: Your engineering courses covered synthetic
and natural materials, but not human tissue.
Where did you learn that?
A: During my postdoctoral fellowship at the Hospital
for Special Surgery, I had great mentors who helped
me dig deeply into biology and mechanics of the
musculoskeletal system. That’s what a good researcher
does. It’s life-long learning. You dig into the literature;
sometimes you have to self-teach. You find people who
know the field and you learn from them so that you can
address those problems. For me that’s what makes
research joyful. I’m constantly learning new things,
often from my students.

them the emerging problems and needs, and vice
versa also. There’s a constant conversation between
academic institutions and the funding agencies.
Researchers prioritize where they should direct their
energy, then go to the funding agencies with proposals on how they would address an emerging problem.
Q: Where is the field of orthopedic biomechanics
heading with respect to new devices and materials? What needs are now being addressed? What
innovations are on the horizon?
A: In total joint replacements, the field is headed
toward personalized devices. There is also a lot
of interest in surface modifications to make the
devices more durable and more resistant to infection. Innovations are likely coming in embedded
sensors that will help to provide ongoing information
and feedback from the patient.
Q: Can you cite a few important or lasting contributions in medicine that you and your teams
have made?
A: One contribution I feel good about is when we
identified a problem with the plastic used in total
joint replacements. The material was degrading in a
way not previously appreciated. From our research
and that of others in the field, the industries that

of engineering as a field that can change the
world, or make the world a better place. But there
are many opportunities to apply your engineering
talent to improve the quality of people’s lives. In
health and biomed there are tremendous needs.
Many can be addressed by engineers.
Q: You’ve held a number of leadership positions
and earned many accolades throughout your
career. Which of these do you find most rewarding?
A: I have served as deputy editor for one professional journal and am now serving as an associate editor for another. I find helping authors
express their work in the best possible way to be
very rewarding. I was very honored to serve as
president of my primary research organization, The
Orthopedic Research Society. In terms of accolades, recognition by the materials department
at Lehigh University as a distinguished alumna
was very thrilling. And, I am very honored to have
recently been accorded the award of Distinguished
University Professor at the Case Western Reserve.
One of the most rewarding aspects of my career is
being a professor. It has given me the opportunity
to work with and mentor incredible young men and
women. It is such a joy to work with them and see
how their careers develop.
Q: Have any of your students gone on to medical
or teaching careers?

Q What excites you about research?
The pursuit of knowledge and discovery. For me there is nothing more exciting than the opportunity
to ask questions and form hypotheses about elements of engineering or nature that you don’t
understand and see if you can help answer those questions. And when you experience the thrill of
discovery, it’s enormously satisfying.

Q: What are some of the important decisions or
choices that helped you embark on this path, and
thrive along they way? Knowing what you know
now, what might you have done differently?
A: Knowing what I know now, I don’t think I would have
done anything differently: I followed my passion. That’s
the advice I give—follow your heart. I am thankful I
accepted the postdoctoral fellowship—at that time not
a common step. I had several offers from industry, but I
saw the opportunity to make a contribution to do good
for humanity and help people in need by making better
joint replacement devices.
Q: What advice would you give to students today
considering a career in academic research, particularly in engineering and health/biomedicine?
A: Engineering is an incredibly fertile field to
make societal impact. Sometimes we don’t think

A: Yes, several. One student, Michael Sobieraj is
an M.D./Ph.D. in practice as an orthopedic surgeon
and is developing his academic career. Several of
my undergraduate students have gone on to medical school. My first Ph.D. graduate, Ozan Akkus, is
now a full professor here at Case Western Reserve
in mechanical and aerospace engineering.
Q: Your final word?
A: For students wanting to pursue a career in
research, funding is tighter today and the opportunities are not as abundant. But my advice is to
persist and to believe in your dream. It really has
been a tremendous joy to do research, to pursue
those things that are my passion in medical
research, and to educate the next generation of
engineers and researchers. I’ve had the privilege to
live the dream.
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RESEARCH REVOLUTION?
ENGINEERING FACULTY SUPERGROUP TAKES THE 2018 NSF CAREER AWARDS BY STORM
Faster wound healing and computer memory efficiency might
not seem like they have a lot in common. Nor would enormous space satellites and semiconductors one millionth the
width of a strand of human hair.
But all four of these Lehigh engineering research subjects
have been heralded by the National Science Foundation (NSF)
this year in the form of Faculty Early Career Development
(CAREER) Awards—a result that speaks volumes about the
strength of up-and-coming research endeavors across the
Rossin College.

DR. KELLY SCHULTZ
GETTING BETTER ALL THE TIME

“EACH OF THESE INDIVIDUALS IS GROWING
INTO AN ACADEMIC POWERHOUSE, AND
WE ARE STARTING TO SEE THE IMPACT
OF THEIR EFFORTS THROUGH THE
TECHNOLOGIES AND STUDENTS BEING
MINTED IN THEIR LABS.”

Like an earthworm or a beaver, the human mesenchymal stem
cell (hMSC) can engineer its environment and reshape the
world around it. When placed in a Jello-like material known as
a hydrogel, the cell secretes a substance that breaks down
and “remodels” the material, a necessary step in allowing it
to move around.
These particular human stem cells—which have the ability
to differentiate into bone, cartilage, muscle and fat cells—
play a vital role in wound healing. Once hMSCs migrate to the
affected site, they regulate inflammation and restart healing
in chronic wounds.
One strategy to foster wound healing, according to Schultz,
is to implant a hydrogel infused with hMSCs directly into a
wounded area. The hydrogel provides structural support to the
surrounding tissue while the stem cells differentiate and call
the appropriate cells to the wound for tissue regeneration.
During the healing process, hMSCs begin their engineering
work and the hydrogel breaks down. If their remodeling efforts
were better understood, materials could be designed with optimal properties for wound healing.
With CAREER support, Schultz will focus on how hMSCs
handle “rheologically distinct” environments they encounter as
they move—in other words, materials with features that contain
interfaces or gradients in stiffness. Schultz believes hydrogels
can be developed to optimize wound healing as well as maintain
structural integrity of the surrounding tissue.
“The grant enables us to push our work further,” Schultz
says. “We have been interested in cell-material interactions
for a long time but being able to do a thorough study of how
rheology changes these interactions will give new insight into
design of these biomaterials. And to me, the award means that
I am making a real impact upon my community. The NSF asks
accomplished senior scientists in each field to select CAREER
recipients, so it is a great honor to be recognized in this way.”

—JOHN COULTER, Professor and Senior Associate Dean for Research

“The NSF CAREER Award is the national standard—clear
external validation that a newer faculty member has demonstrated commitment to teaching and research and is
launching a promising career,” says John Coulter, Professor
and Senior Associate Dean for Research, and also a previous recipient of this recognition. “I’ve been in academia for
close to three decades, and cannot recall any institution in
our category landing this many CAREER Awards in a single
year. Schools twice or three times our size don’t often find
themselves in this position, by the way. It’s extraordinary.”
The Rossin “Fab Four”—Xiaochen Guo, P. C. Rossin
Assistant Professor of electrical and computer engineering; Brandon Krick, an assistant professor of mechanical
engineering; Kelly Schultz, P.C. Rossin Assistant Professor
of chemical and biomolecular engineering; and Nicholas
Strandwitz, an assistant professor of material science and
engineering—hail from four very different scientific and personal backgrounds, and possess wildly-divergent interests.
According to Coulter, this is Lehigh at its finest.
“Each of these individuals is growing into an academic
powerhouse, and we are starting to see the impact of their
efforts through the technologies and students being minted
in their labs,” he says. “Combined, the group tells a wonderful story about the breadth and creativity of the research
portfolios supported across our campus community.”

DID
YOU
KNOW?

27%
OF ROSSIN
FACULTY
HAVE WON
THE NSF
CAREER
AWARD
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The low pressure of space presents yet another major
challenge: traditional lubricants vaporize. In this extreme
environment, how can moving parts remain suitably slick?
Krick and his team will explore this and related questions
by focusing on a powdery substance called Molybdenum
Disulphide (MoS2) and its suitability as a lubricant in
space and other extreme environments. Sandia National

DR. BRANDON KRICK

ACROSS THE UNIVERSE

Laboratories is a partner on the project, and Krick says their
analytical tools and state-of-the-art computational capabilities will be important when it comes to performing molecular
dynamics simulations.

Around the turn of the decade, NASA’s Kepler Space
Observatory lived like a rock star.

According to Krick, developed countries lose an estimated 2 to 7 percent of their gross domestic product to

Launched in 2009 into an Earth-trailing heliocentric

costs associated with friction and wear, so advancing the

orbit, it turned out an amazing amount of work over a short

fundamental science of tribology can have benefits much

period of time, changing its fans’ perceptions of their very

closer to home.

place in the universe. But within four short earth years,

“The toll is approaching a trillion dollars in the U.S.

Kepler’s moment had passed: it seemed the $600 million

alone,” Krick says. “Friction is necessary, but we need to be

wonder, like many a pop culture hero before it, had found it

able to predict, control and in many cases reduce it. Through

was indeed better to burn out, than to fade away.

this project, we hope to enable progress in the aerospace
industry and space exploration, and perhaps find ways that
this research can help fight friction right here on Earth.”

DR. XIAOCHEN GUO
THE BEST THINGS IN LIFE ARE (OVERHEAD) FREE
Researchers have been studying issues related to locality in
computer memory systems for a long time, Guo says. When
a system gathers data, she explains, it does so in chunks
that are stored on a relatively small hardware storage called
cache, which is located close to the central processing unit,

(Above) Mark Sidebottom
’18PhD in the Tribology Lab
with advisor Brandon Krick;
(right) Ling Ju ’18PhD with
advisor Nicholas Strandwitz
at Lehigh’s 2018 Doctoral
Degree Hooding Ceremony.

By the middle of 2013, two of the observatory’s four
reaction wheels had failed. Kepler had already exceed
goals set by NASA, and the wheel failures came as little

or CPU.
Based on the principle of locality, when a user accesses
one bit of data, the system fetches the adjacent block of
data. This happens, in theory, to improve efficiency—in

surprise to scientists familiar with the elevated friction lev-

case additional local data is requested in the future. Cache

els experienced in space. Kepler could no longer lock onto

makes it happen instantaneously, instead of waiting for

faraway stars precisely enough to learn anything substan-

further data gathering.

tive, and was reprogrammed to take on a less strenuous
set of tasks.

Unfortunately, this can be a waste of energy and bandwidth
because the extra data, which often goes unused, eats away

A satellite in orbit is a giant machine, as large as tens

at available storage. Previous attempts to solve this issue

of meters across. This enormous, expensive, somewhat

focused on increasing memory overhead; but it still takes

unwieldy device needs to be condensed down in size—to

energy and space to store metadata, which must be used in

anywhere between a watermelon and a Volkswagen—in

order to identify and track where data is being stored.

order to withstand the forces set upon it during its journey

With her CAREER project, Guo plans to take a different

into outer space. And once it reaches its orbit, it also

approach. She will instead focus on the ability to detect pat-

needs to delicately unpack itself without damage.

terns in memory access. When a system runs multiple tasks
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at once or performs something fairly complex—think about
the random scrolling and clicking that defines your social
media habits—Guo’s designs can enable hardware to learn
and eventually predict patterns based on past and present
behavior. When these predictions are perfected, the system
will fetch and cache only the most useful data.
But social media is only the tip of the iceberg. Among
other applications, Guo believes that this solution is especially important when it comes to deep learning.
“Machine learning applications are very data- or memoryintensive,” she says. “They tend to move data a lot, and this
results in heavy redundancies. If we can use patterns to compress data and make these apps more efficient, we can significantly influence the next generation of computer hardware.”

DR. NICHOLAS STRANDWITZ

Strandwitz will use his CAREER Award to develop a
multi-step method of growing materials, including a new
process for observing the chemical processes that lead
to a reconciliation of precise thickness and control of
crystallinity.
To do so, he will apply a technology called reflection high
energy electron diffraction, or RHEED, which works like the
colors that appear when a film of oil forms on water.
“Depending on the film’s thickness,” Strandwitz
explains, “colors of light will destructively interfere with
one another, creating a rainbow appearance. The same
principles are at work with RHEED, except that electrons,
rather than photons, are reflected.”
Strandwitz reports that the first step in the process
is already complete, courtesy of an innovative campus
program that encourages undergraduates to engage in
research. The base ALD instrument was designed and constructed as part of a 2016 Lehigh Mountaintop Summer
Project, built with the intention of eventually adding a
RHEED gun.
With the NSF’s recent support, Strandwitz will now
modify the ALD chamber to accommodate the RHEED gun
and other components and perform software design to
integrate the system.

2018
NSF
CAREER
AWARDS

307
PROJECTS SELECTED
FROM 120 SCHOOLS
(ENG AND CS)

$150M
IN GRANTS
IN TOTAL

47.2%
TO NEW
INVESTIGATORS

HAPPINESS IS A RHEED GUN
The average computer is made up of approximately 1.5
billion transistors. These parts are as small as five nanometers thick, says Strandwitz, and scientists are approaching the ability to produce transistors that are the size of
just several atoms.
One process by which these infinitesimal parts are created is called atomic layer deposition, or ALD. When done
at low temperatures, ALD gives scientists the ability to
build a material one atomic layer at a time, on the order
of one-tenth of a nanometer. But if the temperature during
this process isn’t high enough, atoms can be locked in lessthan-ideal configurations. The ability to lock atoms into an
ordered configuration, or the level of “crystallinity” in the
structure, has a dramatic impact on the electronic properties of the material.

DR. YUE YU

LET HER INTO YOUR HEART
The Beatles had Billy Preston, and the Rossin Fab Four have
YUE YU, an assistant professor of mathematics in Lehigh’s
College of Arts and Sciences. Through her 2018 CAREER
award—Lehigh’s fifth this year—Yu seeks to develop a mathematical framework and software to improve the modeling of
soft tissue damage. Her ultimate goal is to help clinicians
better understand the mechanisms of heart valve damage.
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A FEW GOOD
BY RICHARD LALIBERTE

COLLABORATORS
A multinational, interdisciplinary effort pioneers a holistic model
of the complex nexus of global food, energy and water
Suppose you’re a farmer cultivating
crops in a major river basin. You rely
on water from the river to irrigate
your fields. But you’re not the only
one who depends on what is literally
a liquid asset flowing through your
landscape. The local utility company
uses the river to provide electricity
through hydropower. The county taps
the river for municipal water. A variety

are necessary to provide everyone the
water they need when environmental
or other circumstances create supply
challenges?
Answering such questions is not
strictly a matter of balancing competing interests. “The goal is to maintain
food, water and energy security all at
the same time,” says Y.C. “Ethan”
Yang, an assistant professor of civil
and environmental engineering. He
leads Lehigh’s Complex Adaptive
Water Systems research group.
Food, energy and water (FEW)
form a nexus in which all three
are interconnected in a complex
“system of systems” that includes
natural processes like runoff and
snowmelt along with human behavior
and policies. Farmers aren’t necessarily competing with their utility
because they need energy, too—
even to pump water.
“We don’t want to solve a security
issue in one sector that causes a
security issue in another,” Yang says.

of stakeholders draw from this common resource but have different
needs at different times—and the
actions of each affect the amount of
water available for the others.
How should people managing dams
and reservoirs store and release
water to make sure farmers have
enough for their crops while ensuring adequate supplies for power and
household use? What technologies

TWO CONTINENTS, TWO RIVERS,
A SINGLE MODEL
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Creating quantitative and computational modeling of complex FEW
systems is the focus of a fouryear, $500,000 grant that Yang and
an international team of colleagues
from several institutions across the
United States and China have been
awarded by the National Science
Foundation (NSF.)

With Yang as principal investigator,
the NSF-backed “U.S.-China: Quantifying
Complex Adaptive FEW Systems” project will use data and analysis from two
major river basins to develop a single
basin-scale modeling framework that
could apply to either body of water. The
goal is to decipher the food-energywater nexus and to evaluate the vulnerability, resilience and sustainability of
this system of systems, especially in
light of changes in both human and
natural domains.
The U.S. team will focus on the
Columbia River basin bordering the
Pacific Northwest, while the Chinese
team will focus on the Mekong
River basin that traverses much of
Southeast Asia.
“Both basins rely heavily on hydropower for regional electricity supply,”
Yang says. “But the Columbia is
mature—neither the U.S. nor Canada
are likely to build new, major dams
for it—while along the Mekong, more
than 30 dams are under construction
or consideration. The basins’ similarities will give the model strength while
the differences will lend flexibility.”
Powerful, versatile modeling frameworks will become increasingly important as pressures on food, water and
energy increase.
“It’s expected that in the next
15 years, we will need 50 percent
more food, 40 percent more energy
and 30 percent more water to satisfy global demand,” says Ekundayo
Shittu, an assistant professor at
George Washington University’s School
of Engineering and Applied Science in
Washington, D.C., who is working on
the project’s energy module. “If we stay
at current production levels, we will fall
short of those requirements. Projects
like ours are integral to helping society
avoid such a precarious position.”
Modeling frameworks attempting
to address the FEW nexus in the past,
however, have tended to emphasize
certain sectors while giving short
shrift to others.

“We don’t yet have a golden solution that links all three FEW sectors,”
Yang says.
One difficulty pertains to time.
Water-use stakeholders tend to make
key decisions at different temporal
scales based on their needs and
priorities. A farmer may calculate how
much water is needed for a growing
season annually. A municipality may
determine population needs monthly.
A utility may evaluate its requirements
on an hour-to-hour or even minuteto-minute basis. “To put all that in a
one-model framework is a challenge,”
Yang says.
A second challenge is spatial. When
looking at a river basin, how much detail
is needed? Are you looking at a single
farm or reservoir? A municipality? A
county? The entire basin?
“Our methodology is flexible
enough to overcome challenges at
both the temporal and spatial
scales,” Yang says.
Yang and colleagues’ NSF proposal
calls for using agent-based modeling,
a computational approach that simulates the behavior and interactions
of autonomous entities, which could
be individual in nature (such as a
specific farmer or reservoir manager)
or collective (such as a township or
county.) Flexibility in how an agent is
defined helps the methodology model
the impact of specific decisions or
changes in conditions at different
spatial and temporal scales.
“We probably won’t go to the level
of the individual farmer, but our hope
is that we could, for example, provide
a reservoir with a suggested water
use scheme throughout the year,”
Yang says. “It could let reservoir managers know the most desirable water
release at a level as fine as hourly,
so downstream farmers would have
enough for irrigation while the dam
would retain enough hydropower-generating capacity for energy purposes.”
The model would be able to factor
in variable conditions such as the

Assistant professor Ethan Yang (second from left) leads an international, five-institution collaboration to better understand the global
confluence of society’s needs for food, energy, and water.

amount of snowmelt in mountains
feeding the river.
“Determining what’s most suitable
for all FEW sectors will benefit all
stakeholders in the entire basin,”
Yang says.
Investigators aren’t yet sure how
computational challenges will be
resolved. One initial step is to learn
more about how existing modeling
tools run and can be improved by
assessing their inputs, outputs and
technology platforms. Another early
task will be to meet with Columbia
basin stakeholders and learn more
about their concerns, priorities and vision.
“What they tell us will help quantify
our agent-based model,” says Hongyi
Li, an assistant professor at the
University of Houston. “Later testing
and feedback will help refine it.”
Yang will have a Ph.D. student
dedicated full-time to the project, as
will Shittu and Li. Yang also plans
to enlist a postdoctoral researcher,
and hopes to draw in undergraduate
students through Lehigh’s innovative
Mountaintop Initiative.
The project is collaborative on multiple levels, engaging researchers from
Lehigh’s Institute for Cyber Physical
Infrastructure and Energy and its

Institute for Data, Intelligent Systems
and Computation. But the collaboration
also extends to world-class universities
worldwide.
“Lehigh’s reputation helped establish
connections and collaboration with
our partners in China, who are
really happy to have Lehigh on
board,” Li says.
The Chinese contingency is led by Dr. Pan Liu of
Wuhan University in Wuhan,
Hubei, and Dr. Jianshi Zhao
of Tsinghua University in
Beijing. The team members
in China will provide data on
Mekong basin food, energy and
water usage, based on a previous collaboration between Zhao and Yang, and will
coordinate with U.S.-based colleagues
for agent-based model development. Liu
will apply a system dynamics approach
to the Mekong as a methodology comparison, to see if different modeling
tools provide different results.
Shittu notes another significant
aspect to the project: “It’s being led by
junior faculty,” he says. “Major projects
like these are often led by senior or tenured faculty. It is notable that Lehigh
provides opportunities for junior people
to flourish and do big things.”

IT’S EXPECTED THAT IN THE NEXT 15 YEARS, WE WILL NEED ...
MORE

50% FOOD

40%

MORE

ENERGY

30%

MORE

WATER
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STORY BY RICHARD LALIBERTE

NEW LEHIGH INTERDISCIPLINARY RESEARCH INSTITUTE,
A CRUCIBLE FOR NEW IDEAS AT A CROSSROADS OF DISCIPLINES,
CONJURES THE STUFF THAT DREAMS ARE MADE OF

The far-flung stardust and common matter that constitutes our
planet and the world around us, bears within still, after millennia of
human inquiry, countless riddles yet to be figured despite the most
sophisticated tools we can devise being brought to bear against
them. Solving the most urgent problems facing society in many
cases will depend on finding new ways to crack the secrets of these
stubborn substances.
That is the inspiration for the
launch of the new Institute for Functional Materials & Devices (I-FMD),
one of three new Interdisciplinary
Research Institutes (IRIs) that create
communities of scholars and catalyze crucial research in areas where
Lehigh is poised to make lasting
societal contributions.
As with the recently inaugurated Institutes for Data, Intelligent
Systems, and Computation (I-DISC),
and for Cyber Physical Infrastructure
Professors Jain and McIntosh coordinate
and Energy (I-CPIE), I-FMD will be a
I-FMD’s support for faculty-led research
crucible for new ideas at a crossroads
of disciplines.
In areas like material fabrication and synthesis, and with materials
such as semiconductors, composites and polymers, researchers are
working across traditional boundaries to overcome interrelated challenges inherent in the development of tomorrow’s energy systems,
health advances, and a broad array of other fields.
“Research into new and existing materials, and the processes by
which they are created, improved, refined, and utilized, is a longtime
core strength across Lehigh’s engineering community,” says Himanshu
Jain, director of I-FMD and Lehigh’s Diamond Distinguished Chair and
Professor of Materials Science and Engineering. “Over time, we have
leveraged the University’s history of industrial collaboration in this space
into a world-class research engine that cuts across many disciplines.
Through the I-FMD, we are looking to build a more structured
community of scholars focused around these topics. It’s a
grassroots effort to engage all of the relevant perspectives
from around campus, and around the world.”
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The aim is to get collaboration right,
says Steven McIntosh, the Class of 1961
Professor of Chemical and Biomolecular
Engineering and associate director of I-FMD.
“We want to get our faculty-led
research teams out of ‘silos’ and into
projects where they can work on bigger
problems,” he says. “Society’s challenges
require a wide array of skills and perspectives. The idea is to break paradigms
and change the culture; Lehigh’s new
Institutes support and celebrate interdisciplinary awareness and thinking across
our research community.”

“Lehigh’s new Institutes support and celebrate
interdisciplinary awareness and thinking across
our research community.” —Steven McIntosh
That is the essence and mandate of
I-FMD, to think broadly and pragmatically
about discoveries that can make a difference. With materials, innovation is a multistep process that begins with inventing
new materials or improving existing ones,
finding ways to produce them efficiently
and economically, manipulating the materials to suit the needs of the new devices
and applications, and finally, developing
ways to create the materials at scale.
“This is the nature of the problem we face now, especially for what
we want to do with materials all
the way to devices,” says McIntosh.
“Individual research cannot conceptualize the material, make the new material,

Specialized forms of glass can be used in a host of applications, including bioscaffolding to improve
tissue engineering outcomes.

understand how it will function in a
device, put all the components of a
device together and make it into a
feasible system or application. That
takes a lot of different expertise. We
have that expertise on campus and
in our network of collaborative institutions and partners, so we have to
aggressively work across boundaries
and go after these things.”
The I-FMD institute is broken down
into five areas of emphasis: biomedical functionality, chemical functionality,
mechanical functionality, optical and
electrical functionality, and processing
and manufacturing. The participants in
I-FMD include more than 80 faculty members spread across 10 departments, so creating opportunities for dialogue is key.
“If we want to go
after grand challenges,
that means looking
at problems in a
holistic way, and

dealing with the full complexity of the
issues, and not just fix one part of it,”
Jain says. “A good materials person
can create a better tire. If you want to
improve transportation systems, you
have to pull together a lot of experts
in pursuit of the same goal. We will
facilitate this in part with regular workshops that help connect our members
to external partners and each other,
where we can have intelligent conversations about technical aspects of
our work, and do this across colleges
and departments. We are also making
a special effort to include graduate
students and other members of our
research community.”
Even where researchers have competencies in similar niches, something
as rudimentary as having different
vocabularies for similar concepts can
be a stumbling block.
“We want in these conversations to
find common interests and strengths,”
says McIntosh. “Ideally, people come
in and have a freewheeling talk, identify
problems and limitations, and drill down
on them together.”

A breakthrough in “anti-thermal behavior”
could bring about more durable materials
for use where intense heat is involved,
including jet engines.
RESEARCH ANIMATION

@ lehigh.edu/resolve
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Bloody brilliant
As part of Lehigh’s expanding health
science and medical device initiatives,
a team of I-FMD researchers is looking
at a vital and complex clotting agent
in blood, von Willebrand Factor (VWF).
VWF is a plasma protein that helps
clot blood in the areas of cut blood
vessels. When blood flow increases,
VWF senses the change and opens
up to capture platelets and help
them adhere to the walls of
blood vessels, enhancing clotting. In essence, VWF jump-starts
the clotting process when regular
clotting cannot occur due to blood
flow conditions. VWF is noteworthy in
that it is one of the few compounds
in the body that has a mechanical
response—the physical stress of the
increasing blood flow activates the
unfurling of VWF.
Xuanhong Cheng, an associate professor of materials science; Alparslan
Oztekin, a professor of mechanical engineering; Edmund Webb, an associate
professor of mechanical engineering;
and Xiaohui (Frank) Zhang, an associate
professor of bioengineering, are bringing
a formidable array of tools to learn more
about the enigmatic compound. Zhang,
who specializes in biomechanics, and
Cheng, whose expertise is in microfluidics, are in charge of the experimentation
and observational side of the project.
Webb and Oztekin are handling the modeling and computation.
“Our model has a level of detail other
authors don’t have,” says Webb. “When
you marry that to our experimental data
it is really powerful.”
Learning more about VWF could lead
to the alleviation of thrombosis, which
can result from unwanted quantities of
activated VWF in bloodstream. Maladies
from dysfunctional VWF affect up to
3 percent of the global population. In
addition, there is significant research on
medical devices that shows that devices
put into the body can alter blood flow
conditions and activate VWF. A better
understanding of VWF could help doctors

counteract that. In addition, there are
therapeutic possibilities for VWF-like
compounds, which would employ the
trigger mechanism in VWF for as-needed
drug delivery in the body.
In its collapsed state, VWF circulates freely in the bloodstream. When
activated, it can elongate to 10 times
its original size. “The molecule has
many sites for interacting and forming
bonds of collagen and platelets that get
exposed when it opens,” says Webb.
“Also, when it is recirculated into the
blood, there is an area of VWF that,
when it is exposed, you get a fairly
quick reaction to cut the VWF at that site
so you don’t have large molecule floating around the bloodstream. It’s really a
fascinating entity.”

“It is a domain in VWF called A2. It’s
a nonlinear elastic spring. When it is partially opened it can react with platelets,
but when it is fully opened it exposes a
site that will cut the VWF down to size.”
One aspiration for the team is to find
ways to synthesize a compound that
would mimic the properties of the A2
domain, to similarly respond to a flow
change in the bloodstream and release
a drug payload. “The idea is that if there
is a normal flow happening in circulation,
in a place where plaque is built up or
place of internal bleeding there would be
abnormal shear stress.” Cheng explains.
“We could take advantage of the molecule’s mechanical response to different
flow patterns to deliver drugs to dissolve
plaque or coagulate molecules to stop
A better understanding of the complex
mechanics of wound
healing, says Associate
Professor Frank Zhang,
would bring improvement to a variety of
medical therapies and
interventions.

The team is com“O ur study has already revealed significant
bining single-molecule
that would lead to the design of synthetic
force spectroscopy and
based on VWF.” —Frank Zhang
microfluidic imaging
to track VWF in varying
flow environments. “We have set up a
internal bleeding. Once we understand
microfluidic channel, and tagged the VWF
the mechanisms of how A2 changes
molecules fluorescently to see how they
conformation under flow, we can make
respond to differing rates of flow,” Cheng
molecules rather than rely on A2, as it
says. Oztekin and Webb are doing coarse
turns out that VWF is not easy to make.”
grain modeling, using a base chain model
In the team’s sights is a polymeric
made up of two beads and one string to
design that mimics the critical functions
represent a monomeric unit in VWF.
of VWF.
“The model is unique, and we also
“The basic biological properties of
have the advantage of the experimental
VWF have been elucidated, though as
results to sharpen the parameters for
yet there is more to learn about the
the model,” Oztekin says.
detailed biomechanical properties,” says
A section of the molecule is of
Zhang. “That said, our study has already
particular note with regard to targeted
revealed significant insights that would
drug therapies, Webb says, and its dual
lead to the design of synthetic molecules
function makes it especially intriguing.
based on VWF.”

insights
molecules
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IN AUGUST OF 2018, PIMPUTKAR AND
LANDSKRON WERE AWARDED A

$450,000 GRANT

FROM THE NSF TO EXPLORE THE GROWTH OF
CUBIC BORON NITRIDE USING MORE SCALABLE,
SUSTAINABLE METHODS.
An illustrated schematic of a retrograde solubility ammonothermal
system designed to grow single crystal nitrides.

Taking aim at silicon’s
inefficiencies
Siddha Pimputkar, an assistant professor of materials science and engineering, has focused recently on the
production of gallium nitride crystals.
These are difficult to produce in
quantities at the level of quality technical applications require, and
demand high temperatures and pressures in the fabrication process.
One of the major uses for gallium
nitride, a wide bandgap semiconductor,
is power electronics. “Think of electric
cars, where you have a huge battery,
and the voltage needs to be altered to
run the engine,” says Pimputkar.
“Today’s technology is built on silicon,
which is not super efficient. You can
lose up to 10 percent of the energy to
heat. We can do better.”
Another major market is LEDs, as
the crystals can yield bright blue emitting LEDs, which has enabled blue
lasers and energy-efficient lighting
technologies.
Pimputkar is developing improved
ways to create gallium nitride crystals
at scale that meet the demands for
size and quality. One method is an
ammonothermal technique that dissolves gallium into a supercritical ammonia solution, and precipitates gallium
nitride onto an existing seed crystal.

crystal faster and ensure uniformity within and across all growing crystal boules.”
With fellow I-FMD members Kai
Landskron, an associate professor of
chemistry in the College of Arts and
Sciences, and Nicholas Strandwitz, an
assistant professor of materials science and engineering, Pimputkar is at
work growing other binary and ternary
nitrides, including indium gallium nitride,
which requires developing a novel
growth process.
“Indium is a big atom,” Pimputkar
explains. “When added to a gallium
nitride crystal, it reduces its bandgap
leading to longer wavelength emissions
in LEDs--effectively going from blue to
green to red light. As we squeeze more
of them into a gallium nitride crystal,
the atomic spacing expands, and you
eventually get a large mismatch to the
gallium nitride substrate. This adds
more strain and limits how thick a layer
you can grow before introducing dislocations to relax that strain. If the strain
hits a critical point, the efficiency of the
device will drop off substantially.
Starting with an indium gallium nitride
crystal as a substrate possessing a

“There is a lot of interest in substances that are tunable,
both from an atomic spacing aspect and from an electronic
and chemical properties perspective.” —Siddha Pimputkar
“We put the crystal we want to grow
in a hot temperature zone of the autoclave, add high purity gallium nitride
and create a temperature gradient
between the two,” Pimputkar explains.
“This arrangement leads to a natural
cycle of fluid motion due to the density
differential between the two zones,
ultimately causing gallium nitride to be
transported from the source to the
seed and precipitate out. The challenge is how to find ways to grow the
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larger atomic spacing would alleviate
this problem, though such a crystal
hasn’t been demonstrated yet.”
The menu of nitride crystals Pimputkar
is growing make up a range of variable
bandgap semiconductors that can be
leveraged for uses in solar cells, sensors
and other expanded uses. In August of
2018, he and Landskron were awarded a
$450,000 grant from the NSF to explore
the growth of cubic boron nitride using
more scalable, sustainable methods.

A quantum leap for
quantum dots
I-FMD associate director Steve McIntosh
is also part of a research team fashioning “quantum dots” for serious industrial
application. These are nanocrystalline
semiconductor compounds used in applications such as lasers, transistors and
medical imaging, and are currently manufactured using expensive techniques that
yield toxic byproducts.
McIntosh, along with Christopher J.
Kiely, the Harold B. Chambers Senior
Professor of Materials Science and
Engineering and Bryan Berger of the
University of Virginia (formerly of Lehigh),
through an “Emerging Frontiers in
Research and Innovation” award from the
NSF, had previously identified biosynthetic, environmentally sustainable routes
toward the creation of quantum dots, a
process which could bring about positive
change across a number of industries.
The team, which has grown to include
Mark Snyder, an associate professor of
chemical and biomolecular engineering,
has recently received a four-year, $1.5
million award from the NSF to focus on
scalable manufacturing of nanocrystalline oxides and their structuring.
The inspiration for the new process
came about while Berger was working
with the Lehigh Valley Health Network to
find ways to combat a drug-resistant
microbe, Stenotophomonas maltophilia.
Berger noticed that when fed silver, a
common antibacterial agent, it induced
the microbe’s threat response system to
encase the metal in a kind of plaque and
conveniently spit it out in the form of
quantum dots.
The original group teamed up to see
where the discovery would lead, beginning their exploration with selenides and
sulfides, then, with the help of a Lehigh
accelerator grant, shifting their focus to
working with oxides. They also replaced
the microbe with silicatein and other
enzymes. The group is collaborating with
the Cardiff Catalysis Institute in Wales,
where researchers will test the team’s

oxide-based end products to see how
they perform as catalyst materials.
One of the major innovations of the
team’s way of producing selenide and
sulfide-based quantum dots is that it is
done at room temperature and in aqueous solution, making it far more environmentally friendly than current industrial
techniques. Since the precursor materials are virtually benign, there is no toxic
waste from the manufacture to dispose
of, and since high temperatures and
pressures are not required, the process
is more energy efficient. The team has
also been working
on producing cerium
oxide, and has now
further expanded
this to ceria zirconium oxide. One major
use for these latter
materials is as catalytic supports.
The
ramifications of the team’s
work could be vast.
For example, the
global market for
automotive catalytic converters alone is forecast to reach
$273 billion by 2024, and there is
potential for other industrial and consumer applications as well.
“The challenge is to bring quantum
dot manufacturing to a scale that makes
it industrially viable, and we are still very
much in the infancy of that process,”
says Kiely. “We want to take it to the next
level and investigate what other kinds of
oxides we can generate by biomineralization, and see if we can grow them directly
onto a pre-formed support.”
That goes to Snyder’s specialty.
“In the quantum dots, you have a
scale of around 10 to 100 atoms,”
explains Snyder. “Until now, the focus
has been on these nanocrystalline samples. I have been using technologies in
my lab to structure oxides through particle assembly or templating; we are looking to apply these concepts to bridge
toward larger scale structured materials.

“At the larger scales,” he continues,
“challenges include supporting nanocrystalline particles in a controlled way on an
inert or even structured support, creating
higher order structures comprised of
these small nanocrystalline oxides, or
fashioning nanocrystalline materials into
porous structures where molecules can
easily transport to and from the surface
to carry out a reaction.”
The addition of zirconium increases
the catalytic performance and stability
compared to cerium oxide and creates a
better catalytic support, says Kiely.
“The challenge
is controlling how
much zirconium we
can dope into the
cerium oxide. Can
we
controllably
insert 10, 20 or 40
percent zirconium?
We’ve had some
success on this
front, but need further development
to more closely
control the composition of the material once we add in the new component.”
According to Snyder, the funding that
Lehigh has provided to this research is a
promising model for innovative projects.
“The early seed project led to an initial grant, and now a larger grant,” he
says. “Our work has brought together
faculty that have different but complementary skill sets and interests, and it’s
the kind of approach that we hope can
continue to grow across the university.”
Kiely concurs. “I think that is part of
the philosophy of these Institutes, to
create more of these groupings and
allow us to make more connections to
industry and other external partners and
find new ways to exploit these materials,” he says. “This quantum-dot project
falls squarely under the founding idea of
I-FMD, and the materials we are producing actually have a chemical function as
optoelectronic materials and catalysts.
It all fits beautifully.”

Quantum dots, such as
these colorful examples
produced by the Lehigh
team, are used in technologies such as transistors,
solar cells, LEDs, lasers
and medical imaging.
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SEEING THINGS
DIFFERENTLY
Innovative corporate partnership
fosters success on many levels
BY RICHARD LALIBERTE
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Not only did she take the course,
AS A HIGH SCHOOL STUDENT LOOKshe served as ME240 teaching assisING FORWARD TO COLLEGE, Marissa
tant during her senior year. And through
Feinman ’14 visited Lehigh’s campus
this involvement, she became familiar
on a beautiful springtime day when
with the company and later spoke with
undergraduates and middle-schoolers
TE representatives at a job fair.
from the South Bethlehem commu“It was easy to open the conversanity had gathered outside Packard
tion because I’d been through the manLaboratory, home of the P.C. Rossin
ufacturing course,” Feinman recalls.
College of Engineering and Applied
One thing led to another, and a few
Science. With much fanfare, the group
interviews later she joined the firm as
was racing miniature Matchbox-style
an employee immediately after graduacars down an undulating track that
tion. Today, she’s working as a product
was set up just outside the building’s
engineer in the company’s Application
main entrance.
Tooling business unit.
Feinman, who went on to earn her
Lehigh engineering degree as a proud
Cascade of benefits
member of the Class of 2014, eventuThe Lehigh-TE relationship epitomizes
ally developed deep connections to
mutual benefits of university-industry
the powerful partnership Lehigh and
collaboration.
global industrial technology company
“For academic institutions, industry
TE Connectivity had developed around
relationships provide interesting, relwhat appeared to be a springtime
evant classroom content,
frolic for local kids.
and help connect our
For nearly two decades,
“I CHOSE LEHIGH’S
labs to use-inspired, real
the collaboration has supMECHANICAL
ported an annual mechaniENGINEERING MAJOR needs,” says John Coulter,
professor and senior assocal engineering course,
PARTLY BECAUSE
ciate dean for research
ME240, and conjured with
I KNEW I’D BE
it myriad benefits for all
TAKING THAT CLASS.” in the Rossin College.
“Our relationship with
involved. Little did Feinman
—Marissa Feinman ’14
TE helps them develop
realize the race was simply
research, and also gives
the icing on the cake.
them direct access to a
Throughout the Spring
pipeline of talent.”
semester, the students
“But for Lehigh,” says
had worked together to
Jonathan Cummings, direcdesign and fabricate cars.
tor of industry engageWhen Feinman arrived on
ment in the Office of
campus on tour day, the
Economic Engagement, “the relationcourse’s festive, culminating event,
ship isn’t transactional, merely on the
the TE Connectivity Manufacturing
level of, ‘Come fund or hire our students.’
Expo, was in full swing.
We look to connect the dots between the
“I thought, ‘You get to take a
university and industry partners in
class to make cars and race them?
terms of recruiting and research, as
That’s really cool,’” Feinman recalls. “I
well as community engagement.”
chose Lehigh’s mechanical engineerWhich points to another constituing major partly because I knew I’d be
ency that just may benefit from the
taking that class.”
relationship even more than Lehigh
The longstanding, innovative, and
and TE: students of Broughal Middle
many-layered relationship between
School, directly across Packer Avenue
Lehigh and TE Connectivity, a comfrom Lehigh’s main campus in South
pany that designs and manufactures
Bethlehem, PA.
sensor and connectivity solutions
In the early 1990s, Coulter develthroughout the world, made quite
oped a course in which local middlethe impact upon Feinman’s time at
schoolers would come up with designs
Lehigh—and beyond.

for real objects that undergraduate
mechanical engineers would then need
to manufacture. Around the same
time, he attended a research conference where he met with TE scientists.
Shared research interests, especially
regarding injection molding techniques,
initially brought the two institutions to
the table.
As he learned more about TE’s community engagement, Coulter won support for the manufacturing course from
the firm’s charitable foundation.
“It’s no secret that exposing adolescents to engineering in a meaningful
way changes lives,” he says. “By allowing students to see things differently,
particularly kids from disadvantaged
neighborhoods, we can also enhance
the very future of engineering by welcoming new voices and perspectives
into our ranks.”
“TE Connectivity has effectively
sponsored a core part of our curriculum since the early 2000s,” Coulter
says. “We are proud of this collaboration, and it’s one that you don’t find all
that often in the academic world.”

No set solutions
“For middle school students,” Coulter
continues, “the impact of a program
like this is huge. We need to develop
the next generation of STEM (science,
technology, engineering, math) leaders,
and we can do that by working directly
with kids to inform them about STEM
education and expose them to what
being an engineer is all about.”
Yet for Lehigh, including Broughal
students in ME240 isn’t purely magnanimous. They play a vital role in the
educational process for Lehigh students—the role of the customer.
“I tell students that when they get
to the real world, they don’t get to pick
what they manufacture,” says associate chair of mechanical engineering
David Angstadt ’87 ’01G ’04 Ph.D.,
who has taught ME240 since 2009.
“The customer decides. Keeping those
middle school students happy and
engaged gives meaning to the project.
The Lehigh students don’t want to let
their Broughal teammates down.”

It can be a tall challenge—Lehigh
teams never know what their Broughal
clientele will request.
“The
computer-aided
designs
Broughal students produce are often
based on cartoon or video game characters like SpongeBob SquarePants
or Mario,” Angstadt explains. “Each
design spawns its own set of engineering challenges.”
Feinman’s team designed a car that
looked like a pencil. Another made a
hamburger-shaped vehicle, complete
with all the fixins. Yet another made a
catmobile.
Over the course of each Spring
semester, the teams design and create
a reverse mold cavity in an aluminum
plate that will produce the injectionmolded product, with Lehigh students
overseeing and handling every step in
the process. Steps include determining
the car’s orientation on the plate, the
pipework configurations that bring material into the cavity, ejecting the car from
the mold without damage, and writing
code to machine the plate itself.
“All these are open-ended problems
without set solutions,” Angstadt says.
“Manufacturing limitations may force
compromises in the design and shape.
Negotiation goes on about what’s possible, and sometimes Broughal students have to accept changes to their
original idea. That’s the way it works in
the real world.”
On Expo day, though, all is forgiven
in a thrum of excitement.
“It’s like a Pinewood Derby on
steroids,” Cummings says. For many
years, Bobby Gunther Walsh, a Lehigh
Valley radio personality who races modified stock cars, has emceed the race.
GoPro video feeds capture action at
the finish line. Trophies—also manufactured by Lehigh students—are handed out to winners.
“It’s a fun day, and a highlight,”
Angstadt says. “But the whole project
is expensive from a consumables and
equipment standpoint. TE’s support
makes it possible, and provides crucial
equipment and materials that enable
this endeavor while supporting
research and learning across

the mechanical engineering community at Lehigh. With TE’s help, we
are able to provide opportunities we
wouldn’t be able to offer otherwise.”
Feinman returns to the Expo as
often as her schedule now allows, closing a very long and successful loop
that began through a chance encounter during a college tour. She savors
the chance to speak to Broughal and
Lehigh students, introducing them to
TE Connectivity and explaining what it’s
like to be an engineer.
“TE Connectivity actively sponsors
this event because it connects with
what we do, building strong community
and fostering education as well,”
Feinman says. “Personally, it’s amazing to think how much this program
has meant to me. As a high school
student, I stumbled into a fun activity
during my first ever visit to Lehigh—
who would have thought it would have
led me this far?”

“All of these are openended problems without
set solutions,” says David
Angstadt, above right,
with representatives
from TE Connectivity and
Broughal Middle School.
“That’s the way it works
in the real world.”
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Mending materials

Understanding the feng shui of stem cells to hasten healing

Kelly Schultz received
a 2018 NSF CAREER
Award for her work in
studying how living cells
actively reengineer
their surroundings.

Few creatures, aside from humans, have
the ability to reshape the world in
which they live.
The humble earthworm is one such
example. As a “terrestrial engineer,” it
tunnels through and aerates the soil,
incorporating organic matter along the
way and benefiting nearby plants.
The North American beaver, the
second-largest rodent in the world, is
known as “nature’s engineer” for its
habit of constructing dams on rivers
and streams, then building its home in
the resulting pond.
As it turns out, the human mesenchymal stem cell (hMSC) acts as an
environmental engineer of sorts. When
placed in a Jello-like material known as
a hydrogel, the cell secretes a substance
that breaks down and “remodels” the
material, a necessary step allowing it to
move around.

These particular human stem
cells—which have the ability to
differentiate into bone, cartilage, muscle
and fat cells—play a vital role in wound
healing. Once hMSCs migrate to the
affected site, they regulate inflammation and restart healing in chronic
wounds.
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Schultz joins Rossin College’s 30
One strategy to foster wound healother NSF CAREER Award wining is to implant a hydrogel infused
ners and is the fifth faculty member at
with hMSCs directly into a wounded
Lehigh to receive the honor in 2018.
area. The hydrogel provides structur“The grant enables us to push our
al support to the surrounding tissue
work further,” Schultz said. “We have
while the stem cells differentiate and
been interested in cell-material intercall the appropriate cells to the wound
actions for a long time but
for tissue regeneration.
being able to do a thorough
During the healing prostudy of how rheology
cess, hMSCs begin their engichanges these interactions
neering work and the hydrogel
will give new insight into
breaks down. If their remodeldesign of new, impactful
ing efforts were better underRESEARCH
biomaterials.”
stood, materials could be
ANIMATION
As part of her grant,
designed with optimal properONLINE
Schultz plans extensive outties for wound healing.
@
reach activities to educate a
Kelly Schultz, P.C. Rossin
lehigh.edu/
broad audience in biomaAssistant Professor of chemiresolve
terials, materials charactercal and biomolecular engiization and wound healing.
neering at Lehigh University,
Public outreach is planned
has received a National Science
for the Da Vinci Science Center in
Foundation (NSF) CAREER Award to
Allentown, Pennsylvania, a local sciexplore this promising area of biomaence museum. In addition, Schultz
terials and cell biology.
will mentor local middle and high
Schultz’s project will apply a comschool students as well as train and
bination of new and existing methods
mentor undergraduate and graduate
to characterize the region around
students at Lehigh.
hMSCs during cell remodeling
Schultz’s main research interests
and degradation of a synthetic
are in the areas of rheology of hydrohydrogel.
gels, dynamic rheological changes of
The research will focus on
colloidal gels and the role of hMSCs
how hMSCs handle “rheoin remodeling enzymatically cleavable
logically distinct” envihydrogels.
ronments they encounter
Schultz received her Ph.D. in
as they move—in other
chemical engineering from the
words, materials with feaUniversity of Delaware in 2011 and
tures that vary in stiffness.
joined Lehigh in 2013 following two
Schultz believes hydrogels
years of postdoctoral studies at the
can be developed to optiHoward Hughes Medical Institute at
mize wound healing as well
the University of Colorado. In 2014,
as maintain structural integshe was named a “Distinguished
rity of the surrounding tissue.
Young Rheologist,” an international
Ultimately, the research promhonor from TA Instruments, the leadises to have a major impact on bioing manufacturer of analytical instrumaterials design, leading to new matements for thermal analysis, rheology
rials with the potential to speed wound
and microcalorimetry. The same year,
healing and prevent development of
she won a Doctoral New Investigator
chronic wounds. The prestigious fivegrant from the American Chemical
year grant officially began March 1.
Society’s (ACS) Petroleum Research
“It is a great honor to receive an
Fund for her studies of the material
NSF CAREER award because you are
properties of chemically cross-linked
chosen by accomplished senior scienpolymeric gels. Schultz also particitists in your field,” Schultz said. “To
pated in the 2016 National Academy
me, this recognition means that I am
of Engineering U.S. Frontiers of
making an impact on my community
Engineering symposium.
with my work.”

MOVING
THE ROSSIN
COLLEGE
FORWARD
L

ehigh University has launched GO: The Campaign
for Lehigh —the most ambitious and comprehensive
fundraising and engagement effort in our history.
Together, we can elevate the Lehigh experience so it will
fuel access and opportunity, impact and experience, and
research and distinction.
Today’s engineering world is fast paced and interconnected,
and engineers are called upon to reach across disciplines
to solve the great problems of our time. Learning by
making and doing and experiencing the impact of our
work is cultivating a new breed of engineering insight.
The opportunity for Lehigh’s P.C. Rossin College of
Engineering and Applied Science to contribute to this
exciting, interdisciplinary environment has never been
greater. To extend its powerful legacy of leadership through
the next generation of innovators, the Rossin College needs
the support of its community as never before.
Your help will enable our faculty, students, and
collaborators to:
■ Forge meaningful experiential learning

opportunities

■ D rive impactful, large-scale interdisciplinary

research

For more information on how you can have an impact,
please contact Megan Casey, director of development,
at (610) 758-5747 or mkc315@lehigh.edu.

CHANGE STARTS
WITH ACTION.
GOcampaign.lehigh.edu

LEHIGH UNIVERSITY
P.C. Rossin College of
Engineering and Applied Science
19 Memorial Drive West
Bethlehem, PA 18015

A MATERIAL IMPACT

Dr. Clare Rimnac ’80G ’83 Ph.D.
followed her passion, merging interests
in engineering with biology and
medical research to forge a career in
interdisciplinary research and leadership.
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