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ith quantum leaps in materials
science and engineering research
over the past two decades, we
are now able to manipulate properties at the
nanolevel, engineer biological tissues and create
new devices to harness and deploy energy in
powerful ways.

Not a moment too soon, these crucial
advances will help replenish our declining
water supply, capture greenhouse gases, allow
large-scale battery-powered devices, and restore
and improve our crippled urban infrastructure.
Coupled with simultaneous discoveries in
nanoscience, materials research

is revolutionizing technology-based markets as diverse as pharmaceuticals,
medical devices and sensors, information technology and data storage.

At NJIT, we are embracing this research across sectors, from advanced cements
and composites and smart, nanoengineered concrete, to 3D-printed biological
scaffolds and tiny biosensors, to membrane technology that filters water and air
and delivers drugs with cost-effective precision.

In this issue of the New Jersey Institute of Technology (NJIT) Research
Magazine, we focus first on the work of three hubs in our growing materials
science and engineering cluster, where engineers, physicists, mathematicians and
chemists collaborate on projects that blur the borders of all of these disciplines.

We first highlight the efforts of tissue engineers who work closely with the
medical and rehabilitation communities to restore the neural pathways of
ruptured spinal cords and to regenerate damaged heart and pancreas cells.
Secondly, we focus on engineers who are creating their own novel compounds
to enhance fuel capacity, propel space vehicles and neutralize biological weapons.
Lastly, we present the work of our Analytical Chemistry and Nanotechnology
Laboratory, which re-engineers water filtration systems, batteries and solar cells
with nanomaterials that boost performance.

Elsewhere in this issue, we include snapshots of our current research in many
other areas: a biomedical engineer who develops novel methods for remediating
pollution on Native American lands; a physicist who is developing materials and

devices to manipulate energy waves; and a pioneer in membrane technology
whose inventions span sectors, from pharmaceutical engineering to water
desalination.

With investments in advanced facilities, instrumentation, fabrication
technology and new faculty, we are expanding our role in the development and
translation of pre-commercial prototypes of advanced materials, sensors and
devices. As NJIT’s innovation and entrepreneurship ecosystem expands, we also
look to accelerate their path to market.

Among other resources, the university’s new Life Sciences and Engineering
Center provides our researchers with state-of-the-art materials-characterization
equipment, including a scanning electron microscope, a tunnel electron
microscope and an X-ray diffraction spectroscope. Renovations to the former
NJIT Microfabrication Research Center will offer micro- and nanofabrication
facilities for the development of semiconductor and microfluidic sensors and
devices. Makerspace at NJIT, which opened earlier this year, is already producing
custom-designed equipment for experiments led by faculty and students.

And finally, our inventors are beating new paths to market by leveraging
their research through an expanding universe of outside technology company
partners, commercialization grants and venture capital funding. In one
exciting example of translational research, mechanical engineer Eon Soo Lee is
developing a nanotechnology-enhanced biochip that would give doctors and
patients in a range of health care settings the ability to detect deadly diseases
such as ovarian cancer and pneumonia early in their progression.

Rounding out our innovation ecosystem, the more than 90 startup and
early-stage technology companies at NJIT’s Enterprise Development Center
increasingly collaborate with us, while providing a training ground for would-
be entrepreneurs among our student body. Our New Jersey Innovation Institute
connects us with tech-based companies throughout the state and country.

Atam P. Dhawan

Senior Vice Provost for Research
Distinguished Professor of Electrical and Computer Engineering

-

-

,‘
-~
REoPE S

o
e e

._t'p

v@ I._‘.o -

bl

i

i
i

-

ul-ur[‘

s



FRONTIERS IN MATERIALS SCIENCE AND ENGINEERING

4 2018 NJIT Research Magazine

wenty-five years ago, the discovery of carbon

nanotubes ushered in a new era in materials science.

About 10,000 times smaller than a human hair in
diameter, these tubular sheets of graphene possess a unique
set of properties — they are incredibly lightweight and yet
stronger than steel, more durably conductive than copper,
highly flexible and inexpensive to manufacture.

Not only do they transform existing materials, adding
resilience and functionality to polymers and structural
composites in golf balls, boat hulls and industrial coatings,
they improve the performance of devices such as batteries,
radio antennae and water filters. And they are now poised
to give rise to futuristic applications such as wearable
batteries threaded through garments, advanced solar cells
and biosensors.

As is the case with many of the groundbreaking advances
in materials science, the detection of carbon nanotubes

From 3D-Printed Tissues to New Energetic Compounds,
Materials Science Is Transforming Modern Life

was made possible by the electron microscope and other
powerful new imaging tools, which allow scientists to
characterize properties of biological and industrial materials
at the macro- and nanoscale, and to make new ones.

This explosion of knowledge has in turn led to productive
partnerships between engineers and scientists, theoreticians
and applied researchers, and academics and clinicians, who
work together to develop critical new health care devices,
efficient industrial processes and new materials altogether.
At NJIT, the growing cluster of researchers who develop
new materials, nanomaterials and the technologies that
incorporate them includes physicists, chemists, biomedical
engineers and mathematicians.

Somenath Mitra, a chemist, works with environmental
biologists to study nanomaterials that he uses in membranes
to filter water, control pollution and boost energy storage.
By manipulating materials at the nanoscale - adding tiny

particles of scarce, expensive metals such as platinum to
carbon nanotubes to enhance conductivity, and mixing
carbon nanotubes to polymers to boost absorption - he is
able to reduce the costs and improve the performance of
environmental and energy technologies.

Treena Arinzeh, a biomedical engineer, develops new
piezoelectric polymers to incorporate into biological scaffolds
designed to spur new cell growth in spinal and bone tissues.
Between them, biomedical engineers Vivek Kumar and
Alice Lee develop new tissues for the mouth, internal organs
and vasculature. Murat Guvendiren, a chemical engineer,
3D prints three-dimensional models of body parts based on
CT scans that surgeons study before operations. Alumnus
Robert Cohen, a biomedical engineer, has devised new
methods for manufacturing metal-polymer hip and knee
joints that doctors are now implanting.

In the quest to free information networks from

dependence on electricity so that they can compute at the
speed of light, physicist Andrei Sirenko collaborates with
materials scientists to identify replacements for silicon-
based technology. He is currently exploring a class of
magnetoelectric oxides with unusual properties that could
potentially harness photons rather than electrons.

Physicist Camelia Prodan and chemical engineer
Edward Dreizin are developing new materials. Prodan is
exploring the mechanisms that store energy at the edge of
cells to design a new class of materials and devices that
manipulate energy waves through physical patterning, either
blocking, channeling or dissipating them. Dreizin is making
highly energetic materials by creating novel metastable
compounds through milling at the nanoscale.

ABOVE: Murat Guvendiren'’s Instructive Biomaterials and
Additive Manufacturing Laboratory bioprints biomedical
devices and tissue scaffolds.

\

ABOVE: Physicist Camelia Prodan’s research team creates
experimental platforms to test the effects of patterning on
the propagation of vibrational energy. BELOW: Civil engineer
BRUNO GONCALVES DA SILVA built a device to study the way
rock fractures under real-world field stress conditions.




TISSUE ENGINEERING

Rebuilding Spinal Cords With an Engineers Toolkit

Treena Arinzeh, director of
NJIT’s Tissue Engineering and
Applied Biomaterials Lab, is
building a scaffold, composed
of an energetic polymer, that
will coax nerve cells to extend
their axons over the damaged
section of a spinal cord.
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ike an earthquake that ruptures a road, traumatic

spinal cord injuries render the body’s neural highway

impassable. To date, there are neither workable repairs
nor detours that will restore signal flow between brain and
limbs, reversing paralysis.

“The problem is that nerve cells do not regrow;” explains
Treena Arinzeh, director of NJIT’s Tissue Engineering and
Applied Biomaterials Lab. Her solution is to build a bridge,
made of an energetic polymer, that will coax nerve cells to
extend their axons over the damaged section.

Arinzeh’s repair strategy combines neural cells to regenerate
nerve tissue with a scaffold of piezoelectric material, which

produces an electrical charge. The advantage of this “smart”
material, which is also used in sonar and sound technologies,
is that it generates its own charge and does not require an
external power source.

“Axons - the fibers that transmit messages — can potentially
travel long distances if given the right cues to regrow. We knew
that an electrical charge could direct this growth,” Arinzeh
says. “Some tissues in the body are naturally piezoelectric.
What we did was to create a fibrous material that is similar,
but with a higher charge to stimulate growth.”

With funding from the U.S. Department of Defense, the
technology is being put to the test in preclinical studies at the
Miami Project to Cure Paralysis, a Center of Excellence at
the University of Miami’s Miller School of Medicine, where
Arinzeh is working with Mary Bunge, a neuroscientist,
as well as a former student. They are testing the efficacy of
injecting Schwann cells from the peripheral nervous system,
which produce the myelin sheath around nerve axons, in
combination with the piezoelectric scaffold, for spinal cord
repair. The Schwann cells’ job is to restore existing cells by
stimulating them to extend their axons.

The Miami Project is currently in phase I clinical trials
with humans as well, using Schwann cells and piezoelectric
scaffolds. “We hope to improve the cells’ survival and
their effectiveness when implanted into the spinal cord,”
Arinzeh says.

“The nice thing about Schwann cells is that they’re readily
accessible from low-risk sites like limbs. I think of them as
‘facilitator cells’ because they provide the signals that prompt
axons to grow and reach their targets — other neurons.”

In the pre-clinical studies, Arinzeh found that implanted
scaffolds with Schwann cells would extend over a five-
millimeter gap in the spinal cord. “The cells survived and
were getting good growth - wrapping themselves around the
growing axons as the axons extended along the scaffold”

The primary conventional remedy to spinal cord trauma
is to reduce inflammation with drugs. There have also been
regenerative medicine strategies which involve injecting cells
with growth factors, or growth factors alone, into the spinal
cord in the hopes of stimulating new growth, but they have
not been successful. Arinzeh says that engineering approaches
are gaining more acceptance.

A Heart Attack in a Petri Dish

In petri dishes in her laboratory, ALICE LEE is
developing colonies of cardiac cells, formed into
chambers, that pump and contract like a human
heart. Derived from stem cells, these primitive
organs will help her achieve a research milestone:
to observe in microscopic, real-time detail how
the heart repairs itself after injury.

She must first induce an “attack” by damaging
the tiny proto-hearts with a frozen rod, thus
mobilizing sequential, cell-based repair crews
that clear the injury site of debris, and then in a
second phase, recruit materials and tools from the
neighboring tissue to mend the damage.

“By developing diseased-tissue models, we’re
hoping to gain insights that will allow us to improve diagnoses
and therapies for cardiac diseases,’ says Lee, an associate
professor of biomedical engineering.

“What is unique about these experiments is the opportunity
they provide to see how different cell types in the heart
interact during the repair process in the immediate aftermath
of a heart attack - the period that offers the best chance for
successful cell-therapy interventions,’ she notes. “Better
understanding of diseased tissue can help us to predict
how stem cells used in cell-based therapy will integrate and
function in the body”

Medical researchers have had little success with these
therapies so far, because the injected cells drift away from
the injury and fail in their task to rebuild tissue.

“They don’t stick to the site, and eventually they die;’
says Lee, who recently won a five-year Faculty Early Career
Development (CAREER) Award from the National Science
Foundation to advance cell-based therapies. “We’re trying
to figure out what biological mechanisms will guide the
stem cells used in therapy to the right place and foster their
growth there”

A crucial element of this process is ensuring there are
enough blood vessels to supply the tissue with the nutrients
and energy it needs to grow.

“In order to build what’s physiologically correct, we must
incorporate vasculature, a functioning network of vessels to
feed the new organ cells and permit their growth, and we are
still searching for the best strategy to create this tissue;’ she
says. “It’s difficult to do outside of the body without proper
blood flow and signals from other cells and tissues?” She is
currently investigating the role of tissue-specific vascular
cells and improving a device she created to host vessel-
formation experiments.

“No technology has been effective so far, and so we're
taking it a step further, introducing biomaterials with an
electrical charge. We've known in the biomedical world
that electrostimulation can cause nerve cell growth — we've
seen this with bone and cartilage tissue — so we set about to
identify a polymer with piezoelectric properties. We found
it in a material used for sutures, which is biocompatible and
promotes nerve growth,” she explains. “We’re looking for
some recovery of function. If we can show that, it would
be a significant leap.”

For the community of scientists, engineers and clinicians
determined to treat paralysis, the stakes are high. Success
will hinge upon contributions from all of their domains.

“With bone and cartilage, we're relying on the scaffold
to stimulate the body’s own cells to regrow tissue, but the
biological factors driving the formation of neural tissue in
the spinal cord appear to be more complex,” Arinzeh notes.
“To induce nervous tissue to not only regrow across the
lesion, but to reconnect with the rest of the spinal cord,
may require a combination of scaffolds, cells and
growth factors”



ENERGETIC MATERIALS

In his Reactive and
Energetic Materials
Laboratory, Edward Dreizin
is creating novel energetic
compounds by milling
together distinct metal-
based materials into tinier
and tinier bits.

In the Search for New Materials,

an Engineer Makes His Own

n the search for new, highly energetic materials that
pack a wallop in small amounts, Edward Dreizin is
synthesizing his own.
In his Reactive and Energetic Materials Laboratory, he
creates novel compounds, such as modified metal, reactive
nanocomposite and mechanically alloyed powders, by milling

together distinct metal-based materials into tinier and tinier bits.

“Milling causes a chemical reaction through mechanical
means, as when rubbing flint against steel causes a spark;”
notes Dreizin, distinguished professor of chemical
engineering. “Instead, we're creating new materials. They’re
nanocomposites — we're not chemically combining them,
but rather mixing them together in fine scale. The molecules
remain unchanged, but the compounds are metastable; they
will react chemically if prompted by external forces such as
impact, shock or heat over certain thresholds.”

His goal is to create metal-based materials with combustion
and accelerated reaction rates exceeding those of existing fuels
in advanced propellants, explosives and pyrotechnics.

The prepared materials are fully dense composites with
unique properties, combining high-density energy with

8 2018 NJIT Research Magazine

extremely high reactivity. Typically, two or more starting
materials are combined. As they’re milled, smaller and smaller
particles of the harder component get embedded into a matrix
formed by the softer component. Dreizin likens the structure
of the prepared powder particles to raisin bread, but the
harder components (the raisins) have nanometer dimensions,
while the entire particles are larger, with sizes ranging from
1-100 microns.

“These materials have higher heats of combustion
than conventional hydrocarbon fuels and other energetic
compounds. However, they typically have longer ignition
delays and lower burn rates than organic energetic materials,”
he explains. “The benchmark is energetic metals like
aluminum and boron” One gram of boron, for example, packs
as much energy as five grams of RDX or four grams of TNT.

Applications range from metastable alloys that serve as
biocidal agents to neutralize anthrax, for example, to propulsion
for both large space exploration ships and for smaller devices
capable of carrying larger payloads than is now possible.

There are also entirely new uses as well, which he
describes as dual purpose. In one example, both an energetic

material, such as an explosive or a biocidal agent, and the
case that encloses it would be composed of these metastable
compounds.

“The idea would be to dispense with a structured material,
such as a steel case,” he explains, adding that the protective
coating would only allow the material inside to combust
when activated.

Milling, an ancient technique, offers a simple, scalable
and controllable technology capable of mixing reactive
components on the nanoscale. Milling stops when the
powders have reached a metastable phase to create a variety
of inorganic reactive materials, including nanocomposite

thermite, metal-metalloids and intermetallic systems.

Different protocols, such as milling at cryogenic
temperatures, are used to prepare hybrid reactive materials
with various components mixed on different scales.

Using sophisticated new methods, Dreizin and his
colleagues prepared a metal-halogen composite with a metal
matrix that stabilizes the halogen at temperatures substantially
exceeding its boiling point. Without such stabilization,
halogen, a biocide packed inside the materials, is difficult to
handle, as is its controlled release. The new materials can be
safely stored and handled retaining the halogens, which
would be released only when the material is ignited.

But milling poses
challenges, because the novel
energetic materials are easily
ignited by impact or friction.
In addition to synthesizing
new compounds, his lab
conducts customized ignition
and combustion experiments
to test and characterize ignition delays, burn rates and flame
temperatures for the prepared materials in different oxidizing
environments.

“Most of the new materials designed in our lab are
nanocomposite powders prepared using mechanical milling
of readily available powders of metals, such as aluminum,
magnesium, titanium and others, metalloids such as boron,
and metal oxides. Thermal analysis is used extensively to
characterize reactions occurring in the prepared materials
upon their heating,” he says, adding that he uses common
materials-characterization techniques, such as X-ray
diffraction and electron microscopy, as well.

Designing a Potent Counter-Terrorism Tool

In some scientific circles, the metal boron is
viewed as an underachiever. Best known for its
role in the household cleaning compound borax,
boron is also touted by engineers as a potential
energy source capable of generating more heat
than gasoline or jet fuel. The challenge to date,
however, has been to harness its latent power.
“Boron is the most energetic metal, with the
highest energy per gram. It has the potential to
be used as an additive in missile propellants
and explosives, and in compounds that release
chemicals to destroy biological weapons. But
it combusts slowly and takes a long time to ignite,’
notes KERRI-LEE CHINTERSINGH-DINNALL,

a Ph.D. student in chemical engineering who is
exploring methods to make boron burn faster and more easily.
She recently received a vote of confidence. At a meeting
held by the U.S. Defense Threat Reduction Agency to review

ongoing research on materials capable of defeating or
disabling weapons such as anthrax, Chintersingh-Dinnall
won the poster competition for her work in the lab adding
iron to boron by a method called ball-milling to accelerate its
combustion. Later, she presented her work on boron doping
at the American Institute of Chemical Engineers Annual
Meeting and Materials Research Symposium.

She is currently working on different techniques to
incorporate other metals with boron and add pressure to the

combustion chamber to see if that, too, speeds up the process.

“Our results are promising. We found that pretreating
boron with solvents such as acetonitrile improves ignition and
adding iron speeds up boron burning in air and steam,” she
says, noting of boron’s potential, “It’s mined here in the U.S,,
it’s cheap and it’s a hard metal powder that can potentially
deliver more energy in a smaller package than existing fuels.
I’s also environmentally safe to use. It’s not toxic”

Scientists who focus on energetic materials have an
enduring interest in boron’s capacity. When it reacts with
oxygen, its chemical bonds break and reform to produce
boron oxide, releasing a third more energy for the same
weight as diesel fuel, for example. The trick is to make it
burn fast enough that it becomes practical to use.

Chintersingh-Dinnall says her research on boron is
sparked by “the current challenges the energy community
faces” and by her longstanding interest, dating back to her
undergraduate years in Jamaica, in alternatives to fossil fuels,
such as castor oil and wastewater algae. Boron intrigues her
in particular because of its potential use in many applications.




APPLIED NANOTECHNOLOGY

In the World of Nanomaterials,
the Carbon Nanotube Is King

omenath Mitra, a chemist and environmental scientist,

says he was first intrigued by carbon nanotubes more

than two decades ago, upon discovering their unique
absorbent properties.

“Unlike other forms of carbon, such as charcoal, carbon
nanotubes lack pores. Molecules cannot pass in and out of
them, creating resistance, but rather sit on the fibers’ very
high surface area, from which they are also easily retrieved,”
explains Mitra, director of NJIT’s Otto H. York Center
for Environmental Engineering and Science. “With other
materials, we can lose molecules in these cellular ‘caves. But
with nanotubes, the minute you heat them, they’re back”

Somenath Mitra??jisting’uished professor.

of chemistry and environmental scienc

was recently awarded a patent forla wcie
desalination and purification technology that
uses carbon nanotubes to remove salt and
pollutants-such as volatile organic compounds
from brackish water and industrial effluent

so that it can be reused by businesses_
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Recently, he’s been using carbon nanotubes in water
purification. One of their key characteristics is the capacity
to rapidly absorb both water vapor and industrial
contaminants, including volatile organic compounds
(VOCs), and then quickly release them.

Mitra was recently awarded a patent for a water desalination
and purification technology that uses carbon nanotubes
to remove salt and pollutants such as VOCs - chemicals
routinely used in solvents — from brackish water and
industrial effluent so that they can be reused by businesses
and households. His new carbon nanotube immobilized
membrane is designed to filter higher concentrations of salt

than is currently feasible
through reverse osmosis,
one of the standard industry
processes. The distillation
process runs on energy-
efficient fuels such as waste
heat, low pressure steam and
solar energy.

“There is a huge and
growing demand for
potable water coming
from developing nations
that are modernizing their
infrastructure to improve
living conditions. At the
same time, droughts
caused by climate change
are reducing supply in
many regions of the world,

including parts of the U.S.,” notes Mitra. “Our hope is to
expand the supply of water in places that really need it, while
also reducing costs for industry”

Besides filtration, these versatile fibers are also used widely
in electronics, polymers, composites, solar cells and batteries.
An atom thick and about 10,000 times smaller than a human
hair in diameter, they are very good conductors and extremely
strong. “By putting them in epoxies and polymers, for example,
we can imbue these materials with those properties,” he says.

His work in the area of microwave-induced carbon nanotube
purification and functionalization has wide-ranging applications
in several of these sectors, from batteries to thin films.

“Nanotubes are useful in batteries, where the charge has
to move, because they facilitate electron mobility in the
electrode, while also making batteries stronger and more
durable,” explains Mitra, who has developed flexible batteries
for several potential applications.

“If we're going to have bendable electronic devices that
we can put in cellphones, biomedical devices such as sensor
patches, and even on clothing for soldiers, for example, then
we also need to have bendable batteries,” he says. “Batteries and
solar cells using carbon nanotube composites can be painted
on flexible substrates with an inkjet or other type of printer.”

In other research, Mitra has developed sensors for use in
the continuous monitoring of organic contaminants in air
and water, and devices to purify water. He has, for example,
developed a variety of air monitoring techniques for parts-
per-billion-level measurements in ambient air and industrial
smokestacks. Even in this sector, he notes, “Some of these
devices, including monitors for greenhouse gases and VOCs,
incorporate carbon nanotubes”

As Their Production Proliferates, a Pioneer in the Field Explores the Question:
Are Carbon Nanotubes Safe?

pioneer in the

use of carbon

nanotubes,
environmental scientist
and chemist SOMENATH
MITRA is also one of the
first researchers to study
their impact on biological
life as they become more
widespread in the world
around us.

These tiny carbon fibers
are used in consumer
products ranging from
cellphones, to golf balls,
to medicines, to airplanes.
Going forward, they
are viewed as key to
technological progress on
several fronts, including
the development of
batteries, fuel cells and an
array of materials that are

both incredibly strong,
and yet extremely
lightweight.

But while the minute
size of carbon nanotubes
is the key to their utility
in diverse applications,
it may also present an
environmental and health
risk. Such nanomaterials
can be absorbed from the
environment as air or water
pollutants and migrate
throughout the body and
infiltrate diverse types
of tissues. There is some
concern that the hair-like
nanoparticles could pose
a threat similar to that
of asbestos.

With a $2.5 million,
five-year grant from the
National Institute of

Environmental Health
Sciences, a division of
the National Institutes
of Health, Mitra and
collaborators, including
ANDRIJ HOLIAN,
director of the Center for
Environmental Health
Sciences at the University
of Montana, are conducting
toxicity studies focusing
on the lung.
“Determining which
characteristics and
properties of carbon
nanotubes could cause
human health effects is
essential for improving
our understanding of
these materials, as well
as for developing safe
applications. This is the
overall objective of our

effort,” says Mitra, noting
that nanotube behavior and
potential toxicity depend
on a variety of parameters,
including length, diameter,
functionality and the
kinds of materials that are
attached to them. Mitra is
making nanotubes with a
variety of characteristics
and properties, including
the ability to disperse in
water and biological fluids
- or not. Holian is testing
these different versions

in animals.

“At this point, we don’t
know a lot. We don’t know,
for example, what happens
if they’re inhaled or
consumed in a drink
or what the impacts of
chronic exposure might

be,” Mitra says. “Carbon
nanotubes are one of
the most commercially
viable nanomaterials we
use, and yet we don’t have
the technology to detect,
measure or remove them
from the environment.”
Mitra, an expert in
environmental monitoring
who has developed methods
to take trace measurements
of chemical compounds,
says the issue goes far
beyond this one material.
NJIT and other research
universities set protocols
for experiments involving
structures with at least
one dimension less than
100 nanometers and those
that create or use materials
with unique properties and

functions because of their
nanometer scale.

Once they enter the
environment in products,
however, “there is
currently little regulation
of nanomaterials,” Mitra
says. “We can use them
to do good things, such
as incorporating them
in plastic sheets that
provide protection from
electromagnetic waves,
but once they are discarded,
burned and enter the
atmosphere, they can be
highly dispersible. In some
cases, they can dissolve in
water like sugar and are
very difficult to remove.”
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Reversing Minings Toxic Legacy

12

on Tribal Lands
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hen a federal inspection team inadvertently

released three million gallons of heavy metal-

laden waste from a century-old, defunct gold
mine near Silverton, Colorado, into the Animas River, Lucia

Rodriguez-Freire was one of the first responders on the scene.

“We knew we needed to react immediately: to analyze the
metal content in the water and sediments, and assess the
movement of contaminants from the mine to downstream
in the river;” Rodriguez-Freire, an assistant professor of civil
and environmental engineering, said of the 2015 spill, which
famously turned the Animas gold, while posing ongoing risks
for the farming communities in the Four Corners region,
which include Navajo, Jicarilla-Apache, Southern Ute, Ute
Mountain Ute and Hopi tribes.

Among other findings, her team detected elevated
concentrations of metals in the water after high-flow events.
In looking to the sediment for clues, they found the mineral
jarosite, which is known to precipitate — or combine into
solids — with heavy metals, but remains stable only at acidic
pH levels. As those levels rose during flow events, the heavy
metals appeared to mobilize.

Rodriguez-Freire analyzes interactions between biological
and inorganic systems, such as microorganisms and metals,
to understand the effect of contaminants on natural
biogeochemical cycles and to remediate polluted sites. She
designed, for example, a novel process to extract and stabilize
arsenic from contaminated water by forming arsenic minerals
such as realgar and orpiment, using microorganisms from
anaerobic sludge. In a bioreactor, the microorganisms

Lucia Rodriguez-Freire
develops wastewater
treatment systems

that remove persistent
contaminants using
ubiquitous, inexpensive
materials, while optimizing
bioremediation strategies
for metal-contaminated
natural environments.

together reduce arsenate and sulfate in the presence of
ethanol in the arsenic minerals, removing more than 90
percent of the dissolved heavy metal from the solution.

Her goals are to develop state-of-the-art wastewater
treatment systems that remove persistent contaminants
using ubiquitous, inexpensive materials, and to optimize
bioremediation strategies for metal-contaminated natural
environments.

She describes her approach to environmental remediation
as a restoration of a natural system’s equilibrium - an
alternative approach to removal.

“At mining sites, the metals that end up contaminating
water and sediment were always there, but human activity
disrupts the natural equilibrium through the use of leaching
chemicals, direct alteration of the ecosystem and increased
erosion. In hard rock mines in the Southwest, such as the Iron
King Mine in Arizona, the Jackpile Mine in New Mexico, and
the Gold King Mine in Colorado, you can see perfect examples
of systems that were once in equilibrium when the rock
system was intact. Heavy metal concentrations in the area
were high before mining occurred - which brought the miners
there. They then left a toxic legacy from open-pit mining
of mine waste accumulation in mine tailings and acid rock
drainage,” she notes. “The challenge is to restore the natural
equilibrium of the mine site, by slowing down the processes
that lead to the mobilization and movement of contaminants.”

Rodriguez-Freire also studies the ways that uranium
and arsenic accumulate in plants used by Native American
communities living near abandoned mines.

“We want to understand the way contaminants interact
with soil and water, microorganisms and plants, and look
for mechanisms to stabilize them,” she notes.

While organic contaminants can be degraded into more
innocuous components, metals such as lead, cadmium,
arsenic and uranium are persistent. But they can be stabilized
to prevent their movement and contact with people. At the
Jackpile Mine site, where local plants accumulate uranium
in their roots, Rodriguez-Freire and her colleagues are
investigating how ubiquitous microorganisms and soil
amendments can be deployed to prevent the toxic metal
from moving.

“As we observed with arsenic, we can promote changes
in metal speciation to a less mobile, more stable phase by
adding nutrients to stimulate microbial activity. The target
metal specie will become a more stable solid, or it will be
more strongly adsorbed into the soil sediments. In this way,
we are removing the contaminant from the water and into
the sediment, trying to restore the original equilibrium of the
site;” she says. “For this work, we need to use an integrative
approach, working with microbiologists, geologists and
chemists for a holistic understanding of the mechanisms
of transformation.”

There are more than 28,000 abandoned mines in the U.S., of which
three-quarters have yet to be investigated or remediated. Of these,
15,000, mostly in 14 Western states, involve uranium. Most of them are
on federal or tribal lands.

“The communities living near the abandoned mines are at higher
exposure risk to a wide number of contaminants, and we need to work
with them to assess the risks and to restore the polluted sites so they
can live in a healthy and safe environment on their lands.”

- Lucia Rodriguez-Freire

Harnessing the Earth’s Own Heat

There is a potentially limitless supply of renewable, carbon-free energy within the Earth’s

crust if we could only permeate the thick layers of crystalline rock that sit over it, barring access.
So far, success in harnessing the Earth’s own heat has been mostly limited to tapping the boiling
hot water that bubbles up with little prompting close to the surface.

“The main challenge is to tap into deeper and less fractured hot rocks. This would make
geothermal energy accessible in many more locations across the world. In order to achieve this
goal, we need to fracture the rock in order to increase its permeability,’ says BRUNO GONCALVES
DA SILVA, an assistant professor of civil and environmental engineering who, as a doctoral student
at MIT, worked with a team of researchers who contend the U.S. alone could produce 100,000
megawatts of power within the next 50 years from what is called enhanced geothermal systems.

To access the Earth’s heat, cold water is injected through a well into a hydraulically fractured
rock formation at a temperature of more than 200 degrees Celsius, usually at depths of more
than two kilometers below the surface; the heated water is then recovered at the surface through
another well, where it is used to produce electricity or heat.

But engineers must first figure out how to create networks of interconnected fractures that
will increase the permeability of the crystalline rock without creating major earthquakes
during the hydraulic fracturing operations. With funding from the National Science Foundation,
Goncalves da Silva is building a device to study in the laboratory the fracturing processes under
real-world field stress conditions. It will allow him to independently apply stresses in three
directions (one vertical and two horizontal) and to simultaneously monitor the fracturing visually
and through acoustic emissions.

The acoustic emission events, or microseismic events, are monitored through eight sensors.
They capture the small earthquakes that are produced when fractures develop. On one hand,
these microearthquakes are important to understand the location and types of fractures that are
produced; on the other hand, these events can’t be too large, as they can cause damage at the
surface to field applications. “The goal is, therefore, to produce hydraulic fractures in an efficient
way without causing major earthquakes,’ he notes.

The same hydraulic fracturing methods could also be applied to artificially enhance the
recharge of wells at shallow depths. “This may be particularly useful to increase the supply
of clean water to populations in dry regions,” Goncalves da Silva notes.




TRANSLATIONAL RESEARCH

Detecting Diseases Before Theyre Deadly

on Soo Lee is developing a nanotechnology-enhanced
biochip that would give doctors and patients in a range
of health care settings the ability to detect deadly
diseases such as ovarian cancer and pneumonia early in
their progression.

The device includes a microfluidic channel through which
a tiny amount of drawn blood flows past a “sensing platform”
coated with biological agents that bind with antigens —
biomarkers of disease that elicit an immune response by
the body - triggering an electrical nanocircuit that signals
their presence.

The chip’s biosensors are “highly sensitive to small amounts
of very specific antigens,” explains Lee, an assistant professor
of mechanical engineering, who added that a single biochip’s
platform could potentially include sensors for several diseases,
from cancers to viral infections.

The technology is being designed for use by specialists and
primary care doctors and, Lee hopes, health care workers in
remote clinics in developing countries who can administer
the tests with a simple finger prick.

He has won federal backing from the National Science
Foundation’s I-Corps program to commercialize the device,
as well as encouragement from venture capitalists in the state,
including the New Jersey Health Foundation (NJHF), which
awarded him a $50,000 Innovation Grant.

“As we know, early detection can improve treatment
outcomes for patients significantly;” says George F. Heinrich,
M.D., vice chair and CEO of NJHE a not-for-profit corporation
that supports biomedical research and health-related education
programs in New Jersey. “Currently, doctors rely on diagnostic
devices requiring a minimum of four hours of sample
preparation through centralized diagnostic centers rather than
their local offices. We are interested in Dr. Le€’s project because
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the biochip he is developing would provide instant results at a

local office or point of care without needing sample preparation’

If successful, the biochip will expedite the diagnosis of
diseases including viral infections such as HIV, sexually
transmitted diseases and toxoplasmosis, and cancers such as
prostate, liver and thyroid cancer.

Lee is now working with oncologists at Hackensack
University Medical Center who care for women with ovarian
cancer - often undetectable until it has reached a late stage
that is difficult to treat — to develop and test the technology.

“Screenings for ovarian cancer are often cumbersome and
uncomfortable,” he notes.

The biochip is designed to reduce the possibility of sample
contamination by minimizing the need for flow control devices
and connecting tubes. It analyzes a tiny amount of blood within
two minutes without any external devices.

One of the device’s core innovations is the ability to separate
blood plasma from whole blood in its microfluidic channels.

>

Eon Soo Lee (middle and below) and his team are developing

a nanotechnology-enhanced biochip that would give doctors and
patients in a range of health care settings the ability to detect
deadly diseases such as ovarian cancer and pneumonia early

in their progression.

Blood plasma carries the disease biomarkers and it is therefore
necessary to separate it to reduce detection “noise” in order to
achieve a highly accurate test, Lee explains.

In addition to Hackensack University Medical Center,
collaborators include researchers at Rutgers New Jersey Medical
School and Brookhaven National Laboratory’s Center for
Functional Nanomaterials.

“The partnership and support from the New Jersey Health
Foundation is a critical component of our efforts to advance
commercialization of early-stage life science technologies,’
says Judith Sheft, associate vice president for technology
development, who notes that Lee had previously won funding
for his research from the National Science Foundation I-Corps
program as an NJIT site team before winning a grant from the
agency’s national program.

Lee, who directs NJIT’s Advanced Energy Systems and
Microdevices Laboratory, has a background in micro-
and nanochannel fabrication, flow characterization and
nanomaterial implementation, and develops
fuel cell and energy technology, in addition
to biomedical devices. His lab focuses on
the non-platinum group of metal (non-
PGM) catalysts to replace PGM catalysts for
electrochemical-energy systems such as fuel
cells and batteries, and industrial applications
such as filtering systems and petroleum-
processing systems.

Principal research includes synthesizing and
characterizing innovative high-performance
new non-PGM catalysts from carbon materials
such as graphene, and understanding the

fundamental mechanisms of the reaction.

New Henry J. and Erna D. Lezr Research Institute
to Focus on Global Threats to Business and Industry

i
rom stock market

crashes to climate

change, glob%‘l
disruptions pose substantial
threats to corporate
sutainability. To mitigate
risks to their economic
security, environmental
accountability and social
responsibility, companies
must be able to identify their
vulnerabilities and keep
closer tabs on potentially
volatile conditions around
the world.

New cognitive business
and machine learning
methodologies, designed
to help companies collect,
visualize and analyze data
from wide-ranging sources,
are viewed as central to
these efforts.

“All across the value
chain, companies have to
know their vulnerabilities
and prepare for risks on

many fronts, not just from
market gyrations,” explains
REGGIE CAUDILL, dean
of NJIT’s Martin Tuchman
School of Management
(MTSM). “We can use
these new analytic tools
to evaluate potentlzﬂi1
weaknesses and even
predict events, which will
put us in a better position
to manage business
continuity and remain
agile and resilient.”

With a five-year, $1.5
million grant from
The Leir Charitable
Foundations, NJIT will
develop these business
data science tools.
The university’s newly
launched HENRY J.
AND ERNA D. LEIR
RESEARCH INSTITUTE
FOR BUSINESS,
TECHNOLOGY,
AND SOCIETY will have

a dual mission: to conduct
business and management
research and to establish
partnerships with academic
and business comm#nities,
régional economic leaders
and government agencies.
For éhe business and
management research part
of its mission, the new Leir
Research Institute will
develop predictive and
proactive data analytics
embeddediwithin cognitive
business and management
tools. Caudill points to
the sudden scarcity of
valuable natural resources,
such as lithium or rare
earth metals, to exemplify
an unforeseen disruptive
event. Critically important
to the technology industry,
these metals are produced
only by a few mines
globally, and some of these
are in countries whose

diplomatic relationship to
the U.S. can be strained,
making a critical shortage a
distinct possibility.

“You can imagine the
impact to the electronics
sector;” Caudill notes.

“But if we can do sufficient
text mining and natural
language processing of
social media and'geta
handle onthe potential
for disruption, the earlier
we will know. Companies
can then respond with
appropriate actions,
including identifying
new sources to ensure
continuous supply.”

In establishing
partnerships among various
communities, the Leir
Research Institute will also
develop metrics to help
companies measure their
own sustainability. “This
will allow companies to

see where they need to
prioritize investments,”.
Caudill says. Other institute
initiatives include creating
tools to help companies
integrate disparate business

-data sets and providing

insights into business
data analytics through
machine learning and AI
methodologies.

The Leir Charitable
Foundations grant will also
support annual research
symposia and Henry J. and

%Erna D. Leir Fellowships

for graduate students and
distinguished faculty. The
fellowships, in particular,
will aid in recruiting
candidates for MTSM’s new
Ph.D. program in business
data science, one of the first
in the country to integrate
business analytics and
management systems theory
with statistics, computing

science and engineering.
“The overarching goal of
The Leir Research Institute
will be to transfer scholarly
outcomes and research
innovation into everyday
business practice and
industrial operations, so
that business and industry
can move beyond just
being competitive in the
marketplace to cre?tlng real
shareholder and social value
by becoming eco-efficient,
resilient and sustainable,’
Caudill summarizes.
“Climate change isthaving
a real impact on business
operations. Fortunately,
companies are becoming
much more cognizant about
sustainability. It’s on their
radar screen.”

L]



MEMBRANE TECHNOLOGY

Nanofilters Are Changing
the Landscape of
Chemical Engineering

amalesh Sirkar, a pioneer in membrane technology,
takes a sector-spanning, multitasking, omnicurious
approach to his research. With 35 patents and
counting, he develops devices to separate and purify air,
water, industrial streams, solvents, pharmaceuticals, cells
and nanoparticles.

The applications are wide-ranging: masks that allow water
vapor in, but keep toxic chemicals out; thin polymer pill
coatings that release medications at a controlled rate; and
ultrathin films able to separate and capture a variety of gases,
such as carbon dioxide, from power plant smokestacks.

“The common theme is that all of these membranes
separate, purify or block - or rather, they allow some species
to pass through, while blocking others,” he says. “But each
type of membrane is different, depending on what is being
blocked and what is allowed to pass through?”

More recently, he has developed a novel membrane
distillation technology capable of converting sea and brackish
water into potable water with a considerably higher water
recovery rate than the standard method, reverse osmosis.
Using porous hydrophobic hollow fiber membranes with
porous coatings of fluorosiloxane on their outside surface,
he has been able to treat brines with salt concentrations
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going up to around 20 percent.

This technology, which can handle salts at various
concentrations, has been used successfully to treat sea water
collected near the discharge from a nuclear power plant and
polluted by high levels of scaling salts.

In the distillation process, water vapor evaporated from hot
brine on one side of a porous hydrophobic membrane diffuses
through the nonwetted pores of the membrane to the other
side, where it is condensed by flowing cold distillate water.
The design of the hollow fiber membrane device is such

that there are numerous spontaneous circulating eddies

continuously scrubbing the surface of the hollow fiber

membrane, which is designed also to reduce fouling.
Membrane distillation is advanced technologically on

several fronts. It can utilize waste heat from a variety of
sources, prevent thermal pollution and operate at essentially
atmospheric pressure.
“Although further developments are taking place, we
believe we are ready to go large-scale with these,” Sirkar says.
In his lab, the Center for Membrane Technologies, he is

With 35 patents and counting,
Kamalesh Sirkar, a pioneer in
membrane technology, develops
devices to separate and purify
air, water, industrial streams,
solvents, pharmaceuticals, cells
and nanoparticles. His latest
invention converts brines with
high salt concentrations into
potable water.

currently investigating three problems: solvent-resistant
nanofiltration with pharmaceutical applications; the
separation of solvent mixtures by a membrane; and the
development of highly selective ultrathin membranes for
use in a variety of separations.

“The organic synthesis of drugs involves many steps
requiring frequent exchanges of solvents, the recovery of
catalysts and the concentration of active pharmaceutical
ingredients,” he notes. Nanofiltration membranes capable
of resisting solvents are of great value for such operations,
as they allow solvents to pass through while retaining
solutes with larger molecular weights.

“We are studying the behavior of novel, inert polymeric
membranes for nanofiltration that permit solvent flow, but
reject the solutes,” he says. “In related work, were investigating
the possibility of separating organic solvent mixtures
with membranes”

“Successful membranes and membrane processes allow
beneficial interactions between selected species and fluid
streams with membranes and develop nonbeneficial
interactions with others,” says Sirkar, who won the 2017
Alan S. Michaels Award for Innovation in Membrane Science
and Technology from the North American Membrane Society.

Colleagues describe his co-edited Membrane Handbook,
first published in 1992, reissued in 2001 and still in print,
as a “must-have book for membranologists.”

Sirkar is best known for developing the concept of
membrane contactors, a process that permits two phases
that do not mix, such as two liquids or a liquid and a gas,
to contact each other at the pores of a membrane — without
dispersing into each other - in order to introduce or extract
specific compounds across it. The technology is used, for
example, to introduce carbon dioxide into beverages, to
produce concentrations of oxygen at much less than 1 part
per billion in ultrapure water needed for semiconductor
production, and to extract valuable pharmaceuticals in
aqueous-organic extraction systems, among other separation
or purification processes.

“Classical chemical engineering devices and techniques
are large, energy-intensive and demanding to operate and
scale up. Membrane-based devices are often an order of
magnitude smaller, easy to scale up and operate, and often
consume less energy,” Sirkar says, adding, “These technologies
present opportunities to significantly change the landscape of
chemical engineering, and that is what continues to excite me
about this field. There are so many problems to solve”

A Mathematician Takes Aim at Gunk

Some industrial processes seem to resist
optimization. Filters impervious to the
slings and arrows of accumulated “gunk” -
the particles, minerals and organic buildup
that foul water treatment facilities, nuclear
power plants and even breweries - are
prime among them.

And that’s where the mathematicians
come in.

“Several of my colleagues at NJIT are
designing new membrane technologies.

I focus on how membrane filters foul up,’
says LINDA CUMMINGS, a professor of applied mathematics.
“The goal is to design a membrane microstructure that
will maximize a filter’s lifetime and minimize the cost of
maintaining it”

She looks in particular at ways to optimize the size, shape
and distribution of pores within the membrane. “They need to
be big enough that the pressure required to force the filtrate
through the membrane is not too high, but not so big they
don’t filter out the gunk?”

As well as the internal structure of the membrane, fouling
depends on factors such as the flow dynamics of the feed
solution, and the shape, size and chemistry of particles
in the feed. “But the broad engineering challenge is the
same: to achieve finely controlled separation at low power
consumption”’

So far, her team has determined that the internal patterning
of pores within the membrane, and the connections between
them, are important. In particular, they can predict how pore
size and connectivity should vary across the membrane in the
direction of flow in order to maximize the filter lifetime - since
fouling begins at the upstream surface, pores there foul fastest,
so they need to be larger than those downstream, for example.

Cummings first took up membrane modeling at a
“Mathematical Problems in Industry” workshop funded by
the National Science Foundation (NSF) that annually brings
together academics and representatives from industry to
tackle longstanding industrial problems in fluid mechanics,
data analysis and mathematical finance, among other areas.

“The industrial problems are presented on Monday, and
the academics then break up into groups to work intensively
on them for three days. On Friday, we report our progress;’
says Cummings, who has led three of these workshops at
NJIT since 2011. “In this case, the progress we made was
sufficiently promising that NSF awarded further funding
to take a deeper look”




TOPOLOGICAL MATERIA

Camelia Prodan’s Curiosity Shop

of Energy-Bending Experiments

ith its wild assortment of tubular, mysteriously
patterned and multisided objects stashed on
tables and shelves and hanging from beams,
physicist Camelia Prodan’s lab looks like a curiosity shop full
of toys for scientists. There is a long black tube that swallows
sound, what looks like a Newton’s cradle that extends for
8 feet overhead, a pentagonal box with a honeycomb lattice
interior, fidget spinners with magnets and more.

What these disparate objects share is that each manipulates
energy waves through its physical patterning, either blocking,
channeling or dissipating them.

Prodan, the director of the Keck Center for Topological
Dynamics, is researching topological phonon edge modes -
quanta of sound or vibrational energy confined to the edge
or surface of a material - that likely play a key role in the
functioning of cellular microtubules, the skeletal material
in eukaryotic cells.

“Our theoretical evidence suggests that topological
phonons are integral to the function of microtubules, which
continuously disassemble at a fast pace within the cell. During
cell division, for example, the motion of the chromosomes
relies heavily on that of the microtubules and would not
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occur without it;” she says. “We hypothesize that topological
phonons are responsible for containing the energy that
triggers the initial disassembly. Many cancer drugs attach

to microtubules to halt their movement, thus preventing
cell division.”

Inspired by these natural phenomena, Prodan is laying
the theoretical and experimental foundation for a new class
of engineered materials that exhibit unique vibrational and
thermal properties found in phonon edges.

“We are engineering materials to direct or carry energy
— electric, electromagnetic and mechanical — with almost
no dissipation,” she says. “The surfaces of these materials,
determined by their internal patterning, are also tamper-
proof. If an area is damaged, the injury does not alter the
properties of the remaining material, in the same way that
a magnet cut in half will re-establish polarities at the ends
of each new piece.

“What is so novel about them is that historically we've
made extraordinary materials such as superconductors only
under extreme conditions, like very low temperatures, but
we believe we can make these under normal conditions.”

A material’s pattern can also prevent permeation by

1. Research assistant Kai Qian M.S. 17

positions sensors (guitar pickups) to measure
the resonance from the mechanical spinners
arranged on the lab’s two-dimensional model.
At specific frequencies, all the vibrational energy
is directed to the edge of the model. This is a
direct result of the patterning of the structure.

2. Postdoctoral researcher David Apigo (left) and
Qian (right), who both play the electric guitar,
pluck the instruments that inspired them to use
pickups as sensors. “Pickups, which capture
vibrations and convert them to electric signals
via magnetic induction, detect the signals from
the spinners as they resonate, similar to guitar
strings,” Apigo explains. 3. The Prodan research
team holds a one-dimensional model made of
mechanical spinners that, when shaken, will
localize energy at the model’s edge. The model
is considered 1D because it propagates energy
in one direction. 4. The team uses an inverted
microscope to study the vibrational properties of
microtubules, the skeletal material in eukaryotic
cells. Prodan is interested in how microtubules
store energy at their edge.

energy waves by redirecting and dissipating them, by allowing
them to enter through different portals and intersect in such
a way that they cancel each other out, for example.

The potential applications are tantalizing: more efficient
ways to store energy; the ability to passively focus and amplify
sound, as a laser does light, for hearing devices, for example,
or to deaden it; the construction of lightweight insulated
clothes and bullet-proof vests; and the management of
heat flow around structures in small devices and large
building elements.

With a $1 million award from the W.M. Keck Foundation,
Prodan is hoping to apply these discoveries to cancer
therapy research.

“The hypothesis is that chemotherapy drugs, such as
Taxol, change or remove entirely the topological phonons
from microtubules in order to prevent cells from dividing. In
neurodegenerative diseases, however, the microtubules must
be stable and not disassemble, as their disintegration prevents
neurons from communicating with one another.

“I believe we can propagate energy waves without loss
through patterning at any scale,” she says. “The pattern is
what’s important, not the material it's made of.”

Redirecting Sound to Improve Hearing Aids

Hearing aids nestle around the
ear, amplifying sounds with tiny
microphones. Little has changed in their
placement over the past 20 years; they
typically sit behind the ear or on top of
the pinna, the ear’s outer structure. For
many wearers, it is frustratingly difficult
to pinpoint the direction
of speakers, even if close by.
“Microphone placement directly
influences both signal quality and the
precision of spatial auditory cues, and
yet we still don’t know the best place to
position them,” notes ANTJE IHLEFELD,
director of NJIT’s Laboratory for Neural
Engineering of Speech and Hearing (right), adding, “Ear
shapes also vary from person to person.”

Ihlefeld has teamed up with CAMELIA PRODAN, a physicist
(left), to explore technologies to better predict the movement
of sound and to optimize devices accordingly for individuals.
They are designing and 3D printing ears of different
anatomical configurations and placing tiny microphones
inside to see how sound propagates around the ear.

They are modeling the acoustic properties of the pinna
as a Fibonacci spiral, a pattern commonly found in nature,
from nautilus shells to galaxy configurations, which widens
without changing shape. They will examine how the resulting
properties relate to auditory function. Preliminary data from
Prodan’s lab show that Fibonacci channels concentrate
energy waves such as sound at their edges, a property
known as a topological edge mode. She and lhlefeld are
investigating if pinnae are topological materials as well.

Ihlefeld and Prodan hope to develop their approach into
an algorithm for predicting the perceived spatial properties
of sound reaching the eardrums based on the shape of an
individual’s ear, with applications ranging from hearing aids
and cochlear implants to virtual reality auditory displays and
biomimetic sound recording devices.

Prodan wonders if it’s possible to concentrate sound as a
laser does light. “Sound goes everywhere, but we’re hoping
to design new materials for sound propagation””

Ihlefeld, who works with populations of cochlear implant
users to explore central nervous system function under
hearing loss, adds, “It would be very helpful to be able to
channel sound through the ear so that people hear optimally
even in situations with background sound?”




THE SCIENCE OF COMPLEX MATERIALS

Hunting for New Materials to
Convert Sunlight Into Energy
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he term “alternative energy” calls to mind prominent installations

such as roaring wind turbines and solar panels stretching across

sunbaked planes. But the search for new forms of power production
is taking place just as urgently at the level of materials science.

At NJIT, Trevor Tyson, a physicist, is collaborating with Yong Yan, a
chemist, to study a promising category of crystals called halide perovskites
that convert light into electricity.

“In principle, what's on your roof - silicon-based panels - is very
expensive, so we're looking for alternatives,” says Tyson, distinguished
professor of physics, who called research on perovskites, which are made
from organic ions, lead and halides (chlorine, bromine or iodine), still at an
early, if intriguing stage. “Ideally, these new materials could be spin-coated
at low temperatures with a simple method?”

While the crystals easily produce electricity, even when they contain
defects, they also fall apart when exposed to water — and contain lead.

“So as currently configured, they would be useless in a photovoltaic
panel. What we're trying to determine is if we can find an analog that would
be benign, stable and easy to process,” he says, adding, “In general, we
find systems in nature that can be enhanced with new components in the
laboratory. In some cases, we're mixing organic and inorganic elements.”

Yan synthesizes the crystals in his lab and Tyson analyzes them with a
broad range of unique tools at NJIT and Brookhaven National Laboratory.
This work builds on the extensive experience gained by Tyson’s group on
complex oxide perovskite systems aimed at improving materials for data
storage both in sensors and storage media.

“Across all of our materials studies, we're trying to determine how
structure — at the atomic, nano- and microlevels — affects properties. We
study these materials in a vacuum environment and subject them to a variety
of forces to see how they respond. In the case of perovskites, we're trying to
figure out what causes them to decompose in the real world and determine
how to replace components to make them more stable,” says Tyson.
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