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Message from The Director
Welcome to the summer issue of Focus on Materials, and our view
of the emerging new world of Metamaterials. And just what
are metamaterials you ask? They are engineered electromagnetic
composite materials, structured at scales less than the wavelength
of interest, which exhibit properties that do not occur in natural
materials. Some of the current descriptors include left-handed
materials, negative index materials, frequency selective surfaces,
ﬁshnets, and transparent metals. They can bring about negative
refraction and backward wave propagation, or reverse the Doppler eﬀect. They are being used to
construct perfect lenses that allow sub-wavelength imaging, and shields to deﬂect EM radiation
to render objects nearly invisible. There are also potential applications for storing energy and for
biomedical imaging. Today, it is mostly theory and design, some of it using powerful biologybased computer programs called genetic algorithms. In this issue you will learn how Penn State
scientists and engineers are extending the theory and design to synthesize functional superatom clusters, to nano-imprint prototype devices for the next generation of handheld devices,
and to fabricate windows and fabrics that integrate the manipulation of energy, light and
communications for smart buildings and smart transportation vehicles.
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by University policy or by state or federal
authorities. It is the policy of the University to

Superatoms, sometimes called metamaterials themselves, could be the key building blocks for
new nano and micro-scale devices. The image on the cover of this issue is a computer simulation
of these superatoms, discovered here at Penn State. They can mimic the behavior of single
atoms, but with characteristic properties not found anywhere in the periodic table of elements
that we know of today...truly opening up the possibility of materials by design. At the gigaend of the materials scale, you will also learn about a larger-than-life vision for gaining energy
independence while simultaneously taming global warming...solar roadways.
Also in this issue is a recap of this year’s annual Materials Day (April 10th & 11th) which carried
a nanotechnology theme, but with a strong focus on nano commercialization. Penn State’s
strength in nanotechnology was recognized recently by Small Times magazine in their annual
university survey, in which Penn State ranked ﬁrst in research among the 39 major universities
participating. Along with the usual Materials Day activities, this year’s event featured wellattended tours for our industry guests to highlight our Nanofabrication and Materials
Characterization facilities.
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You will also read about a new Penn State University center for the study of multiple wavelength
laser processing of materials, and a newly available tool, the NanoTriboindenter, that provides
useful information on the hardness and elasticity of materials. Like all of the instruments in
our user facilities, the NanoTriboindenter is available to researchers from industry as well as
academia. Enjoy the issue and the summer!
Sincerely,

Carlo Pantano
Director of the Materials Research Institute, and
Distinguished Professor of Materials Science and Engineering

Park, PA 16802-5901; Tel 814-865-4700 / V,
814-863-1150 / TTY.
U.Ed. RES 08-03

2

SUMMER 2007

To access the materials expertise at Penn State, please visit our Materials Research Institute
web site at www.mri.psu.edu or the Industrial Research Oﬃce web site at
www.techtransfer.psu.edu/iro/
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Will metamaterials be
the Next Big Thing?

Materials by
Design

Project leader Doug Werner
uses nature inspired tools to
design complex metamaterials.
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It seems like the stuff of science fiction movies –
a cloaking device to make objects invisible, a
super lens that can see sharp details far below the
wavelength of light. Those are the glamour concepts

Elena Semouchkina’s fractal
designs may lead to energy
harvesting and storage.

that are driving the new field of metamaterials
research, but a team of experts led by Penn State
is hoping to go beyond the glamour to make
metamaterials a part of our everyday lives.

Directed by electrical engineer Doug Werner, an authority
on antenna design, the Penn State team is partnering with
Osaka University in Japan, University of
Birmingham UK, University of Puerto
Rico, as well as Purdue and the University
“It’s real engineering
of Pennsylvania to develop metamaterials
devices to address major societal issues
of materials,” says
in energy, transportation, health, and
Werner. “Because of
telecommunications.
Earlier this year, Werner recruited a large,
multitalented group of researchers to
create a center for metamaterials study at
Penn State, with the goal of competing
for a National Science Foundation
Engineering Research Center (ERC).
The NSF funds ERCs to undertake
long-term, high value research intended
to provide significant benefits to society.
With the support of his colleagues at
Penn State and partner universities,
Werner has begun the highly competitive
ERC process.

this capability to
design and fabricate
new materials, a
lot of companies
are talking to us
about using these
metamaterials for
various projects of
interest to them.”

“Basically a metamaterial is an artificially engineered material
that has highly desirable properties that don’t occur in
nature,” Werner explains as he calls up images of left-hand

refracted light waves on his computer screen.
“If they did they would be very useful in a lot
of devices and applications. But we can take
combinations of materials that do occur in
nature and put them together, and they will
act in such a way that the overall response
of that material is something different than
the response of the parts. We can use that
idea to create new materials. It’s an extremely
exciting area in which we’re exploring all
these materials and properties.”

Werner develops new metamaterials using
a set of computational modeling tools to
predict electromagnetic behavior. Inspired
by nature, these relatively new global
optimization techniques, called genetic
algorithms and particle swarm, are widely
used by engineers and scientists, but Werner
has tailored the techniques to his own
purpose. “There are a lot of other groups
around the country looking at different metamaterials for
different applications. But I would say one of the things that
differentiates our group from the others is that we’re actually
going beyond just looking at different kinds of metamaterials
SUMMER 2007



and analyzing their properties; we’re actually trying to
optimize the underlying structure and the materials used
to make the metamaterial.”
The two computational methods are very powerful,
according to Werner. Genetic algorithms are based on the
Darwinian notion of evolution through natural selection.

best local find and also of the best finds within the swarm.
This has been applied to the finding of the metamaterials
with the best properties. “Using nature inspired methods
has been one of the themes or our work,” Werner says.
Most recently, Werner’s research group has been applying
these nature inspired optimization techniques to develop
metamaterial coatings that have application in the design
of a narrowband tunable “electromagnetic
cloak of invisibility.”
Once an optimal metamaterial structure
has been found, the job of actually making
it is turned over to the Theresa Mayer
group. Mayer, an electrical engineer, is
deputy director and chief scientist for
the metamaterials ERC. Her group uses
contact lithography, a high throughput
technique, to fabricate the larger, simpler
structures. For complex structures at
the micro or nanoscale, they employ ebeam lithography, which uses a stream of
electrons to carve 3-D patterns.
Their early metamaterial geometries
when pixilized for analysis looked like

Theresa Mayer and group fabricate complex
metamaterials designs in her lab.

With GA, he encodes the basic design of a material
with its characteristic properties into the equivalent of a
chromosome. A number of chromosomes are randomly
selected to create a population, which is ranked according
to how well they fit a predetermined metamaterials
design. The worst performers are weeded out and new
chromosomes added in a process called crossover. Parts
of the genetic material from the better performers are
put together to make up a new generation, with random
mutations added to shake up the process. Doing this for
successive generations eventually evolves the optimal design
through crossover, mutation, and natural selection.
The other computational method is also biology based.
Particle swarm optimization technique was inspired by
the behavior of flocks of birds and swarms of bees. As bees
search for the best source of pollen, they communicate their
finds with others in the swarm. The bees keep track of their
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Akhlesh Lakhtakia, theorist and visionary, is
developing a roadmap for metamaterials research.

a Scrabble board covered by random patterns of metallic
and nonmetallic tiles. These structures proved to be too
small and complex for Mayer’s group to fabricate. “We
had to include a rule set in the genetic algorithms that
would exclude single pixels or any pixels that are diagonally
connected,” Werner says, as more organized images appear
on the screen. “You can see that the structures are much
simpler. We’ve done some now on the order of 3 microns.

These are the kinds of complex patterns we are now
routinely designing in our group and fabricating in
Theresa’s group.”
Metamaterials have already found their way into
commercial products. In micro and millimeter wave, they
are already being used to make better antennas. Toyota
is developing metamaterials for automotive applications.
Werner, Mayer, and chemist Tom Mallouk are looking
at a radically different way of designing solar cells using
nanowire antennas that are half the wavelength of light.
The resonance properties of the nanowires could make
them potentially far more efficient than current solar cells.
“It’s real engineering of materials,” says Werner. “Because of
this capability to design and fabricate new materials, a lot of
companies are talking to us about using these metamaterials
for various projects of interest to them. Then, of course, this
ERC is focused on these metamaterials, but mainly on the
next generation and beyond of metamaterials. There is a lot
of good science and good engineering that is yet to be done.
A center like that would push the technology forward in a
big way.”

of electrical engineering Raj Mittra to solve Maxwell’s
Equations for metamaterials, Semouchkina analyzes the
electromagnetic wave model as it propagates through the
simulated metamaterial structures on her computer
screen, even running backwards in the case of negative
index materials.
She and her husband, visiting scientist George
Semouchkin, are also collaborators in Werner’s ERC
team. With advanced degrees in physics and electrical
engineering from Russia, and a doctorate in materials from
Penn State, Elena Semouchkina will be a key theoretician
in a number of metamaterials projects involving terahertz
and radio frequency devices.
Instead of the classical cut wires and split ring resonators
used by Pendry and Smith, Semouchkina studies high
permittivity cylinders embedded into a low permittivity
matrix, a process developed in Penn State’s Center for
Dielectric Studies. The cylinders are nonmetallic resonators
linked together in a periodic structure. They can be
designed to perform at microwave, millimeter wave, and
terahertz frequencies.
“We study resonance effects in metamaterials,”
Semouchkina explains. “If you are marching in unison
across a bridge, the resonance effect enhances the power
of the vibration. Similarly, electromagnetic resonators
enhance EM power transmission in a metamaterial.
With many resonators, the field is enhanced further.
We use small particles that are too small to be noticed by
the wave because they are smaller than the wavelength,
and observe an enhancement effect within resonators that
is called coupling. We have observed some effects that
have not been noticed or taken into account before.

Fractals occur in nature – trees branches, river basins,
and snowflakes, for example. They can also be used
to design metamaterials.

Ghost in the Machine
Elena Semouchkina of the Materials Research Institute
studies the physics of the electromagnetic interactions
between materials. EM waves propagate through a material
according to principles laid out by Maxwell. Using a
powerful modeling formula devised by Penn State professor

“A broad group of new architectures can now be based
on this concept, in which dielectric resonances in periodic
structures are tailored for novel microwave and mm-wave
applications, such as antennas with beam steering, filter
devices, multiplexers, phase shifters or electro-optical
modulators,” Semouchkina remarks.
Of particular interest are dielectric structures based on
fractals, patterns of similar shapes repeated in decreasing
size that can be found in many natural phenomena.
Examples of fractals found in nature include lightning,
snowflakes, river basins and tree branches. Chaos science
uses fractal geometry to model complex data, such as
weather. In the last 10 years, fractal designs have been
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Michael Lanagan will work on several teams involved in terahertz and radio
frequency metamaterials projects. He has recruited major industry partners to
participate in the new center.

used to create miniature multiband antennas and to reduce
the size of stored computer images. Semouchkina models
complex fractals which are then fabricated by her collaborator
Prof. Miyamoto of Osaka University, Japan. In a development
with interesting possibilities for energy harvesting, Professor
Miyamoto has reported the containment of electromagnetic
energy in an elaborate fractal called a Menger Sponge (see
page 4.) The concept of a dielectric Menger Sponge, which
looks like a Rubik’s cube with increasingly smaller square holes
drilled in each face, was used in a 2006 Taiwanese science
fiction film as a device to capture ghosts. The film, called Silk
in English, was very loosely based on Prof. Miyamoto’s work,
but he doubts his machine is capable of capturing spirits in its
metamaterial architecture.

Metamaterials –
Designs for Living Spaces
“The field of metamaterials can be related to a biological
organism, such as the human body,” says Penn State
mechanical engineer Akhlesh Lakhtakia, the ERC’s
designated theorist. A polymath with wide-ranging interests
and considerable expertise in many areas, from black holes
to nanotechnology, children’s literature to cricket, Lakhtakia
likes to think in large terms. Along with his colleague Tom
Mackay, a mathematician at Edinburgh University, Lakhtakia
has published some widely discussed papers on metamaterials,
one predicting that negative refraction in vacuum could make
the exact location of stellar objects unknowable, and another
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Research engineer Amanda Baker builds metamaterials
structures in the Keck Smart Materials Integration Laboratory.

proposing a relatively simple method for making superlenses
by blending a metallic material with a magnetic material into
spheres about the size of the wavelength of light. Lakhtakia is
also noted for his development of sculptured thin films as an
optical material
A year ago, Lakhtakia received a call from Mike Lanagan,
associate director of the Materials Research Institute, asking
him to speak to MRI faculty on the topic of metamaterials.
That talk, he says, started him thinking about the larger
subject of metamaterials research. A short time later he
was asked for an article on the same topic for Optics and
Photonics News, which led him further along the path toward
a grand vision for metamaterials. By the time the ERC group
was forming, he had developed a framework for a possible
metamaterials roadmap.
In April 2007, in a teleconference call between researchers
involved in the ERC proposal, the collaborators struggled
to come up with a vision statement, one of the proposal’s
requirements. It was clear that cloaking devices and perfect
lenses, though exciting to the public, would be of limited
benefit to society. A big vision was needed, such as the one
proposed by physicist Richard Feynman in regards to the
promise of nanotechnology or Norbert Wiener’s in the early
days of computing and information technology. After most of
an afternoon spent discussing the required vision statement,
the teleconference was breaking up without coming to any
clear resolution. Professor Werner asked for final comments.

Silent until that moment, Lakhtakia responded by telephone
from his office across campus. Using a metaphor drawn from
biology, he outlined a vision of metamaterials as cells within
a living organism with specific functions based on their
structure - cells for communication, for energy harvesting, for
structural integrity, and so forth. Simple metamaterial devices,
some with periodic structures, some aperiodic, and some
combining both, would be assembled into what he called a
Supercell, a collection of devices designed to perform complex
functions, such as controlling the energy needs of a living
space or office building. Supercells, he said, are reconfigurable
and multifunctional. “The ultimate aim of this theory is to
think of living spaces as complex inanimate organisms capable
of interacting with us and with each other.”
Nanotechnology is
the key that will allow
devices to shrink
from the macro to the
micro and nanoscale,
making structured
materials adaptable and
reconfigurable, according
to Lakhtakia. “The key is
to exploit nanotechnology
for cellularity and
multifunctionality
– cellularity at the
structural level and
multifunctionality
within systems.”

proposal was now focused on three metamaterials device
test beds that would combine Semouchkina’s physics,
Werner’s powerful algorithm designs, and Mayer’s nano
and microfabrication skills, along with the contributions
of more than 20 collaborators in the U.S and abroad, each
of them well-known in his or her field. In addition to the
group of university researchers, Werner and Lanagan have
recruited the support of major corporations and small and
mid-sized companies interested in helping to commercialize
the metamaterials devices they expected would come out of
their test beds.
The outcome of the ERC proposal is still many months in
the future. In the meantime, the metamaterials initiative will
continue, with support from the Materials Research Institute
and the University.
The opportunities
are too large to let
the team fall apart.

The vision is
that the control,
harvesting, and
generation of
electromagnetic
energy through
structured manmade materials will
one day lead to a
better world – more
Resonant metamaterial – high-permittivity dielectric resonators embedded in a
energy with less
low-permittivity substrate for microwave transmission. Using ceramics instead
pollution, better
of metals allows these devices to be scaled up to higher frequencies with low loss.
healthcare, greater
Vistas of rationally
privacy
and
security,
safer
transportation,
a
stronger economy.
designed land and cityscapes appeared as he described his
Those at least, are the hopes and visions of the new field of
vision of the metamaterials future. “Some of these theories
metamaterials. At the moment these dreams are like the
may not happen, but some will. Call it informed vision,” he
fractal design of an oak tree that lies within an acorn.
said, “because we are developing new capabilities through
But with proper care, who knows how big this metamaterials
nanotechnology. There is a parallel with the human genome
tree can grow.
project. We now have the capability of determining the root
causes for biological problems. But the project itself did not
C on t ac t s :
determine the causes or cure the diseases. That was all left for
further research. But now we have a book. This is a vision in
Doug Werner, professor of electrical engineering: dhw@psu.edu
that sense.”
Theresa Mayer, professor of electrical engineering: tsm2@psu.edu

Metamaterials – A tree with
many branches
Theresa Mayer took Lakhtakia’s roadmap and within a
few days had crafted it into a scenario for the ERC vision
statement, which was due by the end of the week. The ERC

Elena Semouchkina, senior research associate: eas203@psu.edu
Akhlesh Lakhtakia, distinguished professor of engineering science
and mechanics: Akhlesh@psu.edu
Michael Lanagan, associate professor of engineering science
and mechanics: mxl46@psu.edu
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Building
Nanomaterials
One Superatom
at a Time
Between the gas phase and the

Grant Johnson works on RUTH, a femtosecond Ti-sapphire infrared
laser based time-of-flight reflectron mass spectrometer facility.

condensed phase of liquids and
solids, lies an intermediate state of
matter that is not quite one phase
or the other. Called clusters, these
small agglomerations of atoms and
molecules have properties not found
in gases or condensed matter. This
relatively new field of cluster science
has the potential to make important
advances in areas as far-reaching
as materials science, environmental
chemistry, catalysis, and biochemistry.

10
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Simulation of a superatom

Will Castleman, a chemistry and physics professor at
Penn State, has been studying this intermediate state of
matter since it was first recognized in the early 1960s. “It
started with those of us, in my case, using mass spectrometers to study unique reactions related to the behavior of
radioactive materials. I worked for Brookhaven National
Laboratory at the time. It was before I even had my Ph.D.,
but I was running a research group that was looking at radioactive materials in relation to their behavior in possible
nuclear accidents. We discovered, looking through the mass
spectrometer, that many of the materials were clusters.”
At first they believed that these clusters were small pieces
of a condensed phase. But soon they realized that clusters
were an intermediate phase, often with different structures
and properties from the bulk material. Castleman and the
other pioneers of cluster science hoped that by studying this
new phase of matter, they could learn how matter changed
from gasses into liquids and solids. “Since then, my group
has been working with larger and larger clusters, studying
reactivity, bonding, structure, and spectroscopy changes,
and we’ve been able to bridge these fields by working our
way through the intermediates to learn more about the
condensed phase. Along the way we’ve learned there are
things in between the phases that are as interesting if not
more so than the phases themselves.”

Metal and carbon combine
to form new material structure
It was in Castleman’s labs in the 1990s that a novel class
of nanoclusters was discovered that opened a new field of
materials research. Made up of molecules with cage-like
structures of transition metals bound to carbon atoms, these
metallo-carbohedrenes, or Met-Cars, have potential uses as
catalysts and unique electronic and optical materials.
Like many scientific discoveries, Met-Cars were stumbled
upon in the process of looking for something else. While
studying a series of catalytic reactions, two of Castleman’s
graduate students, Baochuan Guo and Kevin Kerns, turned
their laser onto a rod of titanium over which an ethylene
gas was flowing. They passed the small quantity of material
they produced through the mass spectrometer. An unusually
strong peak occurred at a single spot, showing a mass of
528. After ruling out several possibilities, Castleman feared
the peak was an artifact, a bit of dirt in the equipment. He
had his assistants take the equipment apart and clean it,
but when they ran the experiment again the peak remained.

It turned out to be a stable cluster of 12 carbon and 8
titanium atoms.
One of the unusual properties of metallo-carbohedrenes is
associated with their ionization potential, the amount of
energy it takes to remove an electron from a system. For
each of the transition metals, the ionization potential is
fairly high, around 8 electron volts. For the carbon atoms,
the potential is even higher, around 12.5 electron volts.
However, when metal and carbon atoms are combined in
this unique structure, the ionization potential drops down
to about 4 electron volts. In this respect, Met-Cars behave
similarly to the highly reactive alkali metals on the far left
side of the periodic table. “That came as a big surprise to
us. It suggested that Met-Cars could have some interesting
semiconductor properties. This makes them good model
systems to understand more about electrons in metals and
electrons in confined systems.”

A bowlful of atoms
Castleman’s group began assembling various materials into
larger clusters and found some surprising results. Some
clusters of atoms began to mimic the behavior of different
atoms on the periodic table. “I thought, ‘Wow, these are
real super atoms,’ and I guess it caught on. We thought it
was an appropriate name, and most people are now calling
them superatoms.”
While working with clusters of aluminum atoms, his group
noticed that when they attached an electron to a particular
cluster with 13 aluminum atoms, the cluster did not react
at all – unusual behavior for aluminum, which is typically
so reactive that aluminum storm windows will turn whitish
due to an oxidized surface. But aluminum 13 with an extra
electron did not oxidize at all. The same was true with
aluminum 23 and aluminum 37, but not the rest of the
clusters. “We called these ‘magic numbers,’ because those
clusters seemed like magic.”
To understand why some clusters of a certain number
of atoms reacted so differently from the rest, Castleman
turned to what scientists have called the jellium model.
This model predicts that atoms in a confined system will
share their free electrons, filling out the available orbitals,
the electron shells, of the entire group of atoms. “Think
of it as jelly. You don’t have to worry where the individual
atoms are, they’re all held together in a bowl. You can feed
electrons into the jelly and see how the energy builds up.”
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A. Welford Castleman (r) with graduate student Mohamed Sobhy

Energy levels in bulk materials are significantly different
from materials in the nanoscale. Castleman, who has a flair
for analogy, puts it this way: “Adding energy to a confined
system such as a cluster is like putting a tiger in a cage. A
tiger in a big zoo with open fields will act more relaxed,
because he has a lot of room to wander around. If you now
confine him in smaller and smaller areas, he gets nervous
and agitated. It’s a lot that way with electrons. If they’re free
to move all around through a metal, they have low energy.
Put them together in a cluster and shine light on them,
they get very excited and try to get out of the structure.
A big part of our work is with lasers, to initiate the formation of the clusters and then to characterize the clusters.
Lasers and mass spectrometers are our primary tools.”

Building the superatom
The Castleman group, which currently numbers 20 Ph.D.
students, works on various problems that have long-term
implications for understanding matter, but which have few
immediate pay-offs, as well as other problems with more
immediate benefits, such as atmospheric and environmental
research. Their research has expanded into half a dozen
large laboratory spaces that are a jungle of power cables,
crisscrossing tubes, and table-size machines, such as
ultrafast lasers, molecular beams, and flow reactors.
12

SUMMER 2007

“Our apparatus are not commercial in any sense of the
word,” Castleman says, as we pick our way through the
labyrinth of labs and come unexpectedly on students deeply
engrossed in experiments. “All of the apparatus we use in
our labs, with the exception of one, were designed by us
and built in our shops. The students do some of the actual
building. The apparatus are usually undergoing rebuilding
monthly if not weekly, because we are always reconfiguring
to accommodate the next experiment that looks like an
exciting problem to pursue. It is a fantastic experience
for my students. They learn sophisticated electronics and
sophisticated computer programming. They teach each
other and interact with a lot of the staff in our machine and
electronics shops.”
Along with sophisticated mass spectrometers, the students
use ultrafast femtosecond lasers to understand the dynamics
of clusters. Castleman provided another analogy to
illustrate the concept of a femtosecond: “A femtosecond is
10 to the minus 15 seconds, an incredibly small period of
time. It’s hard to visualize so small a time, but being from
Penn State, I imagine a football field covered three feet
deep in beach sand. Imagine counting all the grains of
sand in that football field, plus 25 other football fields, and
that ends up being about 10 to the 15 grains of sand. We
typically work at 50 to 100 femtoseconds. You can actually
watch atoms and electrons moving around and see materials

Patrick Roach with MIFT,
a laser based cluster source
and fast flow tube reactor

Scott Sayres (l) and
Daniel Blumling (r)
with Phoenix, a colliding
pulse-mode locked
ultrafast laser and
molecular-beam time-offlight mass spectrometer
Phoenix

Samuel Peppernick with Lola,
a laser-based time-of-flight
mass spectrometer system

respond to optical excitation. In this way we can learn a lot
about the properties of the matter we’re creating.”

excitement and trepidation among chemists and physicists,
not to mention high school chemistry students.

Toward the end of 2006, Castleman and his colleagues,
Ayusman Sen and Paul Weiss in Chemistry, and a
collaborator at Virginia Commonwealth University,
theoretical physicist Shiv Khanna, received a large
Multidisciplinary University Research Initiative (MURI)
grant to study cluster assembled materials as possible
building blocks for nanoscale materials. “Clusters are
potentially better for building nanomaterials than building
one atom at a time, because you can better control
individual properties. If the superatoms retain their
structure, then in principle the materials you are putting
together should maintain their properties. That has to be
proved for each individual system.”

“It may be a little tongue in cheek to say that we are
rewriting the periodic table, but what we are doing is
finding clusters that really do have in some sense properties
that resemble all of the atoms in the periodic table. For
instance, Al13- reacts like a rare gas. For all intents and
purposes you would think it was a rare gas. We found
other clusters that behave like a halogen. Others like an
alkaline earth metal. And others like multivalent atoms
of the periodic table. Now they don’t behave exactly alike
because of different numbers of neutrons and protons,
but chemically they behave very much like atoms of the
periodic table. The exciting thing has been we’ve discovered
some of these that retain their properties and their
structures when we put them together with something
else. That is the most promising aspect of this field. There
is a real good chance of being able to tailor design a lot of
materials. Not every material, obviously, but there is a lot of
promise in this superatom concept.”

One of the first focuses of their research will be to see if
they can take their old friend Aluminum 13, and use it
to improve the performance of rocket fuel. Aluminum
particles impart a tremendous boost to fuels, but tend to
react with oxygen quickly in storage. A non-reactive Al13
cluster, bound to the right organic molecule, could solve
the storage problem.

Rewriting the periodic table
Extending the periodic table to a new group of superatoms
is one of the possibilities of cluster science that created both

A. Welford Castleman, Jr. is Evan Pugh professor of chemistry
and physics, and Eberly Distinguished Chair in Science at
Penn State University. Email: awc@psu.edu
Phone: (814) 865-7242
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Materials Day 2007

nano

: expanding the frontier

The theme of Materials Day at Penn State
on April 10-11 was the science, the future, and
the commercial viability of nanotechnology,
which is the ability to control and manipulate
matter on the scale of atoms, molecules, and
macromolecules. Organized by Penn State’s
Materials Research Institute to bring University
materials faculty and students together with
industry representatives, and to showcase the
results of University research, Materials Day
2007 was rich in both scientific information
and opportunities for interaction among the
materials community.
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IRO director Tanna Pugh talks
about tech transfer

Mitch Horowitz gives the Keynote address on
nano commercialization

Poster talk at Materials Day 2007

the human body. Also
Prior to the official
meeting in conjunction
opening address on
with Materials Day was
Tuesday afternoon,
the Center for Sintered
several important
Products, a long-running
University/Industry
partnership with the
Centers held
powder metal industry.
their meetings in
Panelists Alan Brown, Rebecca Bagley, and Anthony Green discuss
conjunction with
PA’s role in nanotech
Materials Day. Among
Nano Workshop and Tours
those, the Center for
Dielectric Studies, with a focus on electronic and
A new addition to Materials Day was an industry
piezoelectric materials and devices, is the premier
workshop on Competitive Modern Manufacturing
university/industry center in terms of longevity in the
through Nanotechnology, hosted by the Center for
nation, with many worldwide partners sponsoring research
Nanotechnology Education and Utilization (CNEU).
in capacitors, integrated components, and microwave
The CNEU is dedicated to research, development, and
materials. The youngest center, as of Materials Day, was
education across all aspects of micro- and nanotechnology.
the Center for the Study of Polymeric Systems (CSPS),
The well attended workshop gave industry representatives
which conducted its kick-off meeting on April 10th.
the opportunity to learn how the CNEU and the
Leveraging Penn State’s expertise in polymer research
Pennsylvania Nanofabrication Manufacturing Technology
and education, the CSPS has already entered into
(NMT) Partnership can help companies incorporate
partnership with nine leading chemical and
nanotechnology into their processes and hire or train
product manufacturers.
skilled nanotechnology workers.
With its inaugural meeting beginning the day after
the close of Materials Day, the Center of Excellence
in Structural Health Monitoring quickly took over the
position of youngest center. This Ben Franklin-sponsored
center of excellence intends to advance the state of the
art in structural health monitoring and make central
Pennsylvania a magnet for the wide range of companies
providing fitness-for-service diagnostics and prognostics
for buildings, aircraft, bridges and roadways, and even

Following the workshop, some 60 industry attendees took
advantage of tours of the nano facilities in the nearby
Materials Research Institute Building. Staff of the CNEU,
the Materials Characterization Lab, and the Nanofab
explained the capabilities of their labs, instruments, and the
class 10 through 1000 clean rooms available for research
and teaching. The tours were followed by a box lunch and
conversations throughout the facility.

SUMMER 2007

15

Keynote Address Targets
Commercialization Barriers

Panel Explores Pennsylvania’s
Role in Nanotech

There are numerous potholes and diversions on the road
to nanotechnology commercialization, Mitch Horowitz,
Director of Strategy at the global science and technology
company Battelle’s Technology Partnership Practice,
cautioned a crowd of industry visitors and Penn State
researchers in the keynote address. Despite forecasts
of a $20 trillion impact in the manufacturing sector
worldwide within a few years, Horowitz warned that due to
overlapping patents, the high cost of facilities, a 5- to 7-year
lead-time in materials development, and uncertainty of the
valuation of nano as a business model, large companies and
investors are slow to adopt nanotechnology.

Three panelists from various Pennsylvania organizations
spoke to the need to reduce barriers to nano commercialization. Rebecca Bagley of the Pennsylvania Department
of Community Economic Development remarked on the
DCED’s investment of $63 million in nano, which was
matched by $70 million from the federal government.
Pennsylvania has a strong base of research institutes, she
told the audience, with strengths in MEMS, Pharma/
Biotech, Advanced Materials, and Chemicals. The commonwealth is ranked 7th in nanotechnology R&D.

As a result, the future of nano commercialization lies with
startups, he said. For startups, however, the Valley of Death
is in proof of concept and prototyping. Without venture
capital, it is the role of economic development agencies to
help startups enable devices. He suggested the following:
Focus on the application. Be first with a new product. Build
consortia, such as bionano, sensors, or alternative energy.
Foster strategic partnerships with industry. Tap into federal
and state funding, including SBIRs and Ben Franklin, to
develop prototypes.
His concluding advice: Nanotechnology will have to show
impact on devices and systems to attract venture capital.

Anthony Green of the Ben Franklin Partnership of SE
Pennsylvania represented the Nanotechnology Institute,
an alliance of businesses and state agencies with a vision to
make the Mid-Atlantic region a hub of nanotechnology
commercialization. With an emphasis on bionano, the
NTI involves 13 universities and institutions. All of
the participating institutions have agreed to pool their
intellectual property to offer packages of IP to industry.
Alan Brown heads the PA Nanomaterials
Commercialization Center located in Pittsburgh. The
Center’s purpose is to bridge the Valley of Death by
providing the funding necessary to get from proof of
concept to early prototype. “Researchers are good at
solving problems,” Brown said. “Small companies are

Interactive poster sessions were held
on the second day

Industry guests tour the MRI user facilities
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good at coming up with good ideas. And large companies
have access to markets.” The Center connects some of the
nation’s largest materials companies, including PPG,
US Steel, and Bayer Materials with Carnegie Mellon,
Penn State, and the University of Pennsylvania, along
with the Pittsburgh Technology Council, to review and
fund promising nanomaterials research.

A Stellar Cast of Scientists
Expands the Nano Frontiers
Fraser Stoddart of UCLA, Jeffrey Sanders of the Air
Force Research Lab, Mike Chudzick of IBM, and Akhlesh
Lakhtakia of Penn State described the new frontiers of
nanotechnology as they expand their own fields of research.
Dr. Stoddart holds the Fred Kavli Chair of NanoSystems
Sciences at UCLA and is director of the California
Nanosystems Institute. His work with rotaxanes – dumbbell
shaped molecules that can be used as molecular switches
– has led to molecular RAM in computing, which Stoddart
suggests will put the computer industry more than a decade
ahead of the 2005 roadmap for semiconductor devices.
Dr. Sanders is the Chief of the Interfaces and Surfaces
Branch of the Materials and Manufacturing Directorate,
Air Force Research Laboratory at Wright-Patterson
AFB. He outlined the Air Force’s use of nanotechnology
in coatings, including nickel nanostrands on surfaces

for conductivity and to mitigate lightning strikes on
nonmetallic aircraft materials. Nanomaterials are also used
to strengthen polymers and in miniaturization of satellites
and flying sensors. With Penn State, the Air Force has
developed hard coatings for anti-fretting turbine engine
blades. Futuristic nano functionalities include shapememory morphing technologies such as aircraft wings,
chameleon nano composites with self-adjusting surfaces,
nanostructured fullerene coatings that could operate in
harsh climates, and MEMS devices.
Dr. Chudzick, head of IBM’s 45nm node research
group, told the audience that IBM’s latest chip advance,
announced in January 2007, is the biggest in 40 years. The
high-K dielectrics and metal gate technology for transistors
could allow chips to shrink to the 45nm node by 2008.
Dr. Lakhtakia, Charles Grover Binder professor of
engineering science and mechanics at Penn State, is a
two-time winner of Nanotech Briefs Nano50 Award. He
discussed trends in materials research leading to composite
materials designed for complex systems performance. A
new class of structured materials, called metamaterials,
enabled by nanotechnology can produce multifunctional
devices and complex systems to enhance and control
electromagnetic waves. Metamaterials can produce “perfect
lenses,” advanced miniaturized antennas and filters, and
“smart” glass that controls visible and infrared light.

Fraser Stoddart with T.J. Mullen

Penn State’s Materials Simulation Center’s 3-D display
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Rustum and Della Roy
Innovation in Materials Research
Awards Presented
Internationally renowned Penn State materials scientists
Rustum and Della Roy joined Eva Pell, Vice President for
Research and Dean of the Graduate School, to present
awards for innovative research to Walter Luscher, Ph.D.
student in Materials Science, for developing novel methods
for creating aggregates that exhibit either a metallic coating
or porous core structure with a dense outer shell. Thomas
Mullen III, Ph.D. student in chemistry, was recognized for
his development of self- and directed-assembly techniques
for fabricating molecularly precise structures on the
1-100nm scale.

electroactive polymers and polymer nanocomposites for
applications in energy storage and harvesting.
An industry reception, table-top exhibits, and interactive
poster session featuring more than 100 student and faculty
posters rounded out the 2-day event, making this the most
successful Materials Day to date.
To view the complete program and poster abstracts,
visit http://www.mri.psu.edu/materialsday/

The award to a junior faculty member was presented to
Qing Wang, assistant professor in the Department of
Materials Science and Engineering, for designing new

(l to r) Eva Pell, Della Roy, Rustum Roy, with Roy Award winners Walter Luscher, T.J. Mullen, Qing Wang
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New
Laser Center
for Training
and Research
Opens
Laser system and deposition chambers for
creating biofunctionalized quantum dots

Judith Todd calls it a basic science
project, to understand the physics of how
to sustain a laser plasma – a bubble of
ionized gas created by the heat of a laser
beam or beams – and then how to use the
plasma to develop novel compositions and
microstructures on surfaces. Plasmas are
familiar in nature in the form of bolts of
lightning or the flame of a match. “It has
been shown you can use a laser plasma
to make a glassy, hard, chromium oxide
coating that is ultrahard, corrosion
resistant, and wear resistant,”
Dr. Todd remarked about the Center’s first
sponsored research project, which she
heads in collaboration with Steve Copely
and Rich Martukanitz from Penn State’s
Applied Research Lab. The three-year
project is funded by the Office of
Naval Research.

The Multiwave Materials Processing Center is still under
construction, Dr. Todd explained on a rainy day in March as
we walked from her office in Earth-Engineering Sciences
Building to a locked side entrance of Research West a
stone’s throw away. “Part of the reason for creating this
new facility is that it is open to non-US citizens,” she said.
“Although ARL and the Penn State ElectroOptics Center
have some of the best laser facilities in the country, you can’t
just go in and teach students how to operate the equipment.
They have to be escorted, the technicians do the work, and
there are restrictions on foreign students. So we created
this open facility to do both teaching and research in
collaboration with ARL, EOC, the College of Engineering,
and the Materials Research Institute.”
What sets the Multiwave Center apart from other
laser processing labs is their concept of using beams of
different energies, such as the very high powered 10.6
micron wavelength carbon dioxide laser along with the
Neodymium:YAG laser with a 1.06 micron wavelength
and the very short wavelength Excimer laser which is used
in semiconductor manufacturing and eye surgery, to create
a new type of surface that you couldn’t get using each one
by itself.
SUMMER 2007
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The Center is only a month old, and is still a work in
progress. In one of the two labs on opposite sides of a
newly painted hallway, Dr. Jian Xu, an assistant professor
in Engineering Science and Mechanics, has set up a laser
system and deposition chambers. In one chamber Dr. Xu
makes nanoscale quantum dots – semiconductor crystals
that trap electrons – then transfers the quantum dots to the
second chamber and attaches them to biological molecules.
His biofunctionalized quantum dots require laser processing.
Across the hall in the second lab, post-docs Puneit Dua
and Ravindra Akarapu were at work on the laser plasma
project. There was still equipment in boxes and not all
of the lasers were hooked up. By Materials Day in April,
Dr. Todd hoped to open the lab for tours and have
all the equipment up and running.

The U.S. lags far behind Europe and Japan in laser
technology. There are few places where students can be
trained in the field in this country, which gives the Center
the opportunity to create national leadership in laser
materials research and training. “With this new center, it
will be possible to span from basic research to prototype to
process, plus develop students for the workforce,” Todd said.
“Industry, if they’re interested, can support basic research
here, then take the research over the wall to ARL and
develop a prototype.”

A plate of alumina shatters as Dua and Todd look on.

Post-docs Ravindra Akarapu and Puneit Dua with system
for making nanoscale quantum dots

Akarapu turned on one of the powerful lasers and Dua
donned a welding mask and peered into the laser chamber.
The concentrated laser beam shot out of a tube onto a
metal plate and within a few seconds we heard a crack
and a corner of the plate shattered.
“We are doing experiments on alumina plate showing
you can create a plasma and redeposit species in it,” Todd
explained. “We will study how species (the ionized particles,
electrons, and atoms) get incorporated into a plasma,
and how you can feed other species into a plasma to help
sustain it,” Todd said. “Another idea is to try and create
plasmas with lasers and put those together with plasmas
from microwaves. I don’t think anyone has put those two
together before. But we’d like to try.”
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Some 50 faculty in multiple colleges and units across
campus and as far as Hershey have expressed interest in
laser interaction with materials. Graduate education in laser
materials processing is currently a five-course program from
which students choose four courses for a certificate. In the
next phase of course development, Todd plans to introduce
a laser optics certificate option. The interest has been great
enough to support the graduate program and help support
the Center. “We can create a unique facility here,” she said,
“but we are right at the beginning.”
Judith Todd is P.B. Breneman Department Head Chair,
Department of Engineering Science and Mechanics.
Her email is jtodd@psu.edu.

Installed on campus over
three years ago, and located
on the second floor of Steidle
Building, the nanoindenter is
a powerful tool for measuring
the mechanical properties
The diamond-tipped probe measures surface qualities
of hardness and elasticity.

of materials. And though it
has contributed data to half

MCL
Nanoindenter
is Ready for
Prime Time

a dozen thesis projects over
those three-plus years, the
nanoindenter
has only
recently

developed into a tool
that is ready to be widely
introduced to the Penn State
research community.
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Screen image of a sample – depth can range from a few hundred nanometers to 4 microns.

Chris Muhlstein, assistant professor of materials science
and engineering, oversees the nanoindenter, which is a
part of the Materials Characterization Lab user facility.
Muhlstein has spent considerable time getting to know the
instrument, and in particular, learning how to interpret the
data, which is not always a simple task, he says.
“We have spent a long time finding out what the tool can
and cannot do. Although nanoindentation instruments
have been around for at least a decade, there is no standard
method for gathering the data and debate still rages over
the reliability of the data. For instance, there is no standard
technique for selecting a good sample to work with.
Now we’ve learned on our own how to do that. In fact,
we now have more experience with a wider range of
samples than any of the manufacturers’ labs. They look
to us for feedback, which makes working with this tool
exciting. It has taken us a long time to feel like we can
guarantee results that people expect from a user facility.
The major hardware and software upgrades we’ve
put in, including new imaging capabilities, make
this a virtually new research tool.”
The nanoindenter is designed to measure the mechanical
properties of surfaces on a submicroscopic scale. The indenter takes a small diamond, which is shaped as either a
22
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pyramid or a sphere, and pushes the diamond tip into the
surface of the material being tested. The depth of indentation can range from a couple of hundred nanometers to
a maximum of 4 microns. Typically, the radius across the
indentation will be ½ micron to 5 microns.
By measuring the force required to push the diamond tip
into the material compared to the depth of the indentation,
the instrument can determine the hardness of the sample.
Seeing to what degree the material returns to its previous
shape determines its elastic modulus – the stiffness of its
atomic bonds. In addition to mechanical properties, the
nanoindenter can be used to scratch films and coatings to
see how they stand up to wear.
“The tool is unique in that it can probe a very small area
at a very small depth,” Muhlstein explains. At the same
time it can map the entire surface of a material, probing
individual grains all across a surface or across the interface
of a composite material. Its most common application has
been to evaluate thin films on a substrate.
Surface properties of a material often differ from its
interior properties due to exposure to the outside world.
By investigating these properties with the nanoindenter,
researchers can engineer the surface to improve material

Chris Muhlstein and predoctoral fellow Amber Romasco
in the nanoindenter lab

properties. The tool has proven valuable for studying brittle
materials, carbonaceous material coatings, and organic or
inorganic coatings on glass. Some organic testing that is
time or temperature sensitive may not be suitable for the
nanoindenter, but otherwise the instrument is useful across
both organic and inorganic platforms, says Muhlstein. “Our
next upgrade may be to add some temperature control.”
With a couple of years of experience on the instrument,
Muhlstein feels confident he can offer researchers the kind
of guidance they need to use the tool effectively. “One of
the challenges with the nanoindenter is that we cannot
measure a single value, because results vary with the
depth of the indentation, and even with such variables
as atmospheric conditions. We can’t just make one
measurement; we have to do protracted studies.”
To get around that bottleneck, Muhlstein is introducing a
new process, a kind of quick feasibility study. He or one of
his graduate students will study a specimen for a day to see
if the machine can get the data the researcher needs. This
can save 4-6 weeks of training time that it would require
for a graduate student to learn to get useful data. While
the survey experiment will not provide publishable data,
the researcher can use the results to make an informed

decision about investing in training of students and
research associates.
“There are few commercial instruments of this type
and only a few places that offer the techniques we do
here,” Muhlstein remarks. “The tool is too expensive for
most single user labs to afford. The University has several
hundred thousand dollars invested in this equipment.
It’s unique to have this particular tool open to the whole
university. Other universities I’ve talked to don’t allow
general access to the tool. But that is not what MCL
is about. There are constraints on how users are trained
and what tests can be run, but it is available to a
broad audience.”
To find out more about the nanoindenter, contact
Chris Muhlstein at 865-1523 or clm28@psu.edu.
More information about this and other instrumentation is
available on the Materials Characterization Lab website:
http://www.mri.psu.edu/mcl/
MCL is part of the Penn State Materials Research Institute.
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Energy dependence and global climate change are daunting
problems that will call for daring (and expensive) solutions.
This idea certainly qualifies as both.

Highways of Glass
One Man Dreams of
Changing the World

•

“For roughly the cost of the current systems
(asphalt roads and fossil fuel burning
electricity generation plants), the Solar
Roadways can be implemented. No more
Global Warming. No more power outages
(roaming or otherwise). Safer driving
conditions. Far less pollution. What are
we waiting for?” – Scott Brusaw

•

Glass has so many uses in the modern world that it might easily be taken for
granted. From windows and windshields to computer screens, we spend a good
part of each day looking into and through this cheap, versatile material. But glass
has unexploited functionalities that could make it a 21st century material of choice
for a whole range of new applications, such as biocompatible materials in the body;
optical computing; glassy metamaterials; coatings and nanoscale surface structures
that control light, heat, and sound; advanced batteries; and much more, so glass
scientists maintain.
At the 1st International Workshop on Scientific Challenges
of New Functionalities in Glass, the list of attendees
represented a Who’s Who of international glass scientists
and glass manufacturers. They were in Washington in
early April, with support from the National Science
Foundation, to challenge each other to find innovative
and ground breaking uses for glass, one of the most
versatile and important materials of modern technology.
As the organization’s director, Lehigh University professor
Himanshu Jain pointed out, no other class of materials
has contributed to so many modern day technologies or
made as great an impact on the quality of life in the
20th century as glass. (Visit the IMI-NFG website at
www.lehigh.edu/imi).

Mr. Brusaw goes to Washington
Among the attendees at the workshop was a burly and
bearded electrical engineer from a small town in rural
Idaho. Although Scott Brusaw had technical training,
he seemed out of place among the scientists whose talk
was dense with academic jargon. He had come east with
some ambitious ideas requiring challenging new capabilities
in glass – a natural fit with the theme of the workshop.
And like the small town hero played by Jimmy Stewart
in Mr. Smith Goes to Washington, Brusaw was in Washington
on a mission.
Brusaw was at the conference at the invitation of Carlo
Pantano, who was co-director of the Institute. A few
months earlier Brusaw had contacted the Materials
Research Institute, via e-mail, asking for information.
Pantano suggested he attend the glass workshop in
Washington. Brusaw could present a poster on his work
and network with high-level industry people who might
be interested in his project.

The workshop organizers had been fortunate enough to
snag the National Science Foundation director Arden
Bement as a pre-lunch speaker. In his talk, Bement
championed transformative research, the kind that
crosses many disciplines and can disrupt and transform
a technology. This kind of high-risk, long-term research,
requiring massive amounts of resources, is what the NSF
exists to encourage, Bement told the audience. Brusaw’s
ears pricked up. At lunch, he jogged the director’s elbow
and gave him the 2-minute elevator pitch. The NSF
director was friendly, but noncommittal.

Energy producing roads made
of glass and solar cells
Brusaw’s company, Solar Roadways, is based out of his
house in Idaho and in the home electronics workshop he
built next to it with the income from his consulting. Solar
Roadways is still in the concept phase, built on a childhood
fascination with an electric race car game called slot cars.
The idea of cars running on electric roads stayed with him
as he went on to earn his Master’s degree in electrical
engineering. As global warming became established science,
his wife Julie suggested he turn his obsession with electric
roads into a way to conserve fuel and reduce pollution.
Brusaw came up with the idea of a road that produced its
own electricity, a solar highway for energy independence.
One of the nation’s leading authorities on solar energy,
Nate Lewis of Caltech, has calculated that covering
1.7% of the land surface of the United States with
10 percent efficient solar energy converters could
supply all our current national energy demand. As
it happens, this is roughly the same amount of land
that is devoted to the nation’s interstate highway
system. Lewis believes that covering a large, barren
section of some of the western states with solar panels
SUMMER 2007

25

is the best solution to our energy needs, but we would need
a photovoltaic material almost as cheap as paint to make it
cost competitive with fossil fuels, and we would still need
to transport the energy around the country.

wet, with the ability to withstand road salt, magnesium
chloride, sun exposure, vehicle emissions such as antifreeze
and oil, and the strength and flexibility to handle
heavy trucks. And finally, in order to make the project
economically feasible, the glass should last about three
times as long as most asphalt roads,
he concluded.

In Brusaw’s Solar Roadways concept, instead of covering
a large area of the Southwest with solar
arrays, all of our roads would be paved
with glass panels that could collect and
Brusaw’s Rationale
distribute solar energy. Sunlight would
for Solar Roadways:
shine through the surface onto a middle
• 4.84 billion (12’ by 12’) Solar
layer of solar cells. The solar cells would
Road Panels would be required
to replace the current asphalt
produce electric energy to light the
road system, parking lots, and
road at night and heat it in winter, with
driveways in the 48 contiguous
enough leftover electricity to power
states. This is enough to provide
three times more electricity than
homes and businesses. Brusaw estimates
the United States used in 2003
that each mile of solar panels could power
and almost enough to supply
500 homes.
the entire world.

•

In the silence that followed his brief talk,
it was hard to tell what the scientists were
thinking. Were they absorbing the issues
Brusaw had raised, or was it too far out of
their comfort zone? Over the course of the
two-day workshop a number of innovative
uses for glass were proposed – from
glass memory to nanostructures in glass,
functionalized glass coatings, and glass for
microelectrical components. But for sheer
audacity, none of them held a candle to
Brusaw’s Solar Roadways

• To produce a Solar Roadway
To answer the energy transport needs, the
Panel (not including assembly
roadway’s base layer would contain the
and installation) would cost
For Carlo Pantano, it was reminiscent
nation’s electric grid, safe from weather
approximately $5,000 for
of something similar that occurred in
and secure from interruption, replacing
materials. Solar cell cost and
efficiency is predicted to improve
his undergraduate days back in the
the current crumbling power grid with
dramatically with thin film
seventies. A visiting lecturer from Texas
a distributed network of independent
technologies in the next few years.
Instruments had dropped in to describe a
power sources providing energy from
• Cost to build enough coal-fired
new technology that he was working on to
coast to coast. Along with electricity, the
power plants to provide a similar
try to embed electronic circuits in a silicon
base layer could also carry fiber optic
amount of electricity – approx.
$14 trillion.
substrate. The speaker didn’t know how
cables for television, communication, and
• The cost of Global Warming
much it would cost or how it would ever be
high speed Internet so that cities and
is
unknown,
but
could
reach
5%
used, but he thought there might someday
rural areas would be equally connected
to 20% of global gross domestic
be a market for these “integrated circuits.”
and the ugly poles and wires that clutter
product annually, according to the
When the visiting scientist left, Pantano’s
our landscape could be removed. Smart
Stern Review on the Economics of
Climate Change.
instructor assured the class that the idea
roadways could reconfigure travel lanes
would soon be forgotten. The computer
to reduce gridlock, warn drivers of
and electronics revolution proved his
construction or obstacles ahead, sense
instructor wrong, and so it might be for roads
whiteouts or other weather conditions, and
even keep wildlife off the roads. In Brusaw’s scheme, heated made of solar panels. Pantano invited Brusaw to visit Penn
State after the conference to give a talk to materials science
and lighted roadways would make traveling safer and save
and engineering students and meet with faculty who might
lives (see sidebar).
be interested in his ideas.
Most of the technologies required for the base and middle
layers are already available, Brusaw told the glass scientists
Mr. Brusaw Visits Penn State
and industry reps at the Washington workshop. With only
University Park is four hours north of Washington D.C.,
a minute of his allotted time remaining, he summarized
via circuitous highways that on this April evening were
his challenges to the scientists and manufacturers: Build a
washed by heavy rains and high winds, making driving
transparent glass panel that absorbs sunlight without any
difficult. A lighted roadway with smart signage would have
glare, lit by low energy LEDs from within, with heating
been a blessing on a night like this.
elements to melt ice and snow and a surface both fireproof
and shatterproof with traction equal to asphalt, even when
By 11:00 on Wednesday morning, Mr. Brusaw was standing

•
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transmission cables cooled by liquid nitrogen that carried
five times the current of standard cables. The road specialist
suggested building a mile of test road, perhaps in a federal
forest where conditions could be controlled, to test the
plan’s feasibility. The architect said that people were
beginning to realize there would be no cheap
or easy solutions to global climate change,
so the public might be ready for some
Some Facts
visionary solution. The sustainability expert
& Figures
calculated the cost of solar cells – still high,
• Road maintenance costs
$15.8 billion annually.
but constantly improving and coming down
• Thirty-five percent of
in price. The futurist offered several ideas for
America’s major roads are in
funding a prototype. Everyone at the table
poor or mediocre condition.
knew that success depended less on
• Driving on roads in
the science or engineering than on politics
need of repair costs U.S.
motorists $54 billion a year
and funding.

in the front of a lecture hall in Steidle Building, which is
home to Penn State’s highly regarded Materials Science and
Engineering Department comprised of 150 undergraduates
and more than 200 graduate students. Ten minutes before
his lecture was to begin, even with free coffee and cookies
available, the hall was still empty.
By 11:10 students were beginning to
trickle in. Five minutes later, when
Pantano stood up to introduce Brusaw,
there was not an empty seat in the
small auditorium, and students were
crowded against the back wall. Pantano
told the students that Solar Roadways
was a unique and challenging idea that
addressed an important topic: energy.
It was just the type of concept that a
new generation of engineers and
scientists might roll up their sleeves and
make happen over the next 15 or 20 years,
he said.
Brusaw’s talk was a 20-minute version
of the poster talk he had presented in
Washington. This time the reaction was
far livelier. A hubbub of questions and
suggestions greeted him. The students,
at least, seemed on his side. Some of the
faculty were skeptical.

Where do you go
from here?
Following his talk to the students, it was
still unclear what Brusaw had gained
from his trip east to Washington and
Penn State. Bement, the NSF director,
didn’t carry grant money around in his
pocket, none of the scientists had accepted
his challenge, and the students, though
enthusiastic, were busy picking through
the remaining cookies and scarfing the free
coffee in the lecture hall.

•

in extra vehicle repairs and
operating costs.

• A total of 212,235 people
died on U.S. highways from
2000 through 2004. Roadway
conditions are a significant
factor in approximately onethird of traffic fatalities.
• Motor vehicle crashes cost
U.S. citizens $239 billion per
year in medical costs, lost
productivity, travel delay,
workplace costs, insurance
costs, and legal costs.
• The number of older
drivers is increasing at a
faster rate than the total
population and will increase
at an accelerated rate
as baby boomers reach
65. Recommendations for
reducing traffic fatalities
among older drivers include
clearer and larger signage,
bright and luminous lane
markings, and better
illumination, especially
at intersections.

“Your head must be spinning,” the architect
said to Brusaw after their plates were
cleared. “We’ll go back to our busy work
days. But you have to go home and carry on.
Where do you go from here?”
“Where should I go?” Brusaw asked.

Brusaw went back to Idaho encouraged
by his meetings. In Washington, a
vice president for Corning Glass had
approached him, perhaps intrigued by
Brusaw’s mention of the need for 4.5 billion
panels of glass. If nothing else, Brusaw
had spread the concept of Solar Roadways
among a few high circles in science, industry,
and government.

The sun was shining brightly in Idaho, even
as it was starting to set on the East Coast.
That was part of his plan, that solar roads
might one day carry the sun’s energy from
west to east, lighting up the dark streets and
Source: TRIP: The Road Information Program
monuments of Washington, DC with energy
from the west. It was the kind of idea only an
outsider could come up with, the kind
Mr. Smith would have loved.
Fortunately, Pantano had arranged a lunch meeting for
The Solar Roadways website is at www.solarroadways.com.
which he had invited a cross section of faculty to meet
For Solar Roadways questions, contact Scott Brusaw at
Brusaw, including an architect, a futurist, a rural road
(208) 255-1254 or scott@solarroadways.com.
specialist, and an expert on sustainability. Over lunch,
For questions relating to the IMI-NFG workshop contact MRI
Pantano discussed new technologies that might enable
Director Carlo Pantano at cgp1@psu.edu or Himanshu Jain at
Brusaw’s dream: new types of self-cleaning windows
h.jain@lehigh.edu.
with microstructures based on the lotus flower’s ability to
The MRI website is www.mri.psu.edu.
shed water, and recent breakthroughs in superconducting
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In the Next Issue...

Focus on

Biomaterials

MRI
MATERIALS RESEARCH INSTITUTE

199 Materials Research Institute Building
University Park, PA 16802

PLUS...

Look for a report
on the new

Materials/Life Science
Building now in the
planning stages.
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