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The field of plasmonics has transformed the ability to control nanoscale light-matter
interactions with applications ranging from high-efficiency photovoltaic modules to
ultrasensitive biodetectors, electromagnetic cloaks, and subwavelength integrated photonic
circuits. This article summarizes my group’s efforts to contribute to this burgeoning field,
with emphasis on our research in quantum plasmonics and optical-frequency magnetism.
First, we explore the plasmon resonances of individual nanoparticles as they transition from
a classical to a quantum-influenced regime. We then utilize these results to directly monitor
hydrogen absorption and desorption in individual palladium nanocrystals. Subsequently,
using real-time manipulation of plasmonic particles, we investigate plasmonic coupling
between pairs of particles separated by nanometer- and angstrom-scale gaps. For sufficiently
small separations, we observe the effects of quantum tunneling between particles on their
plasmonic resonances. Finally, using the properties of coupled metallic nanoparticles, we
demonstrate the colloidal synthesis of an isotropic metafluid or “metamaterial paint” that exhibits
a strong optical-frequency magnetic response and the potential for negative permeabilities

and negative refractive indices.

Introduction
In 1833, Faraday combined silver and sulfur and discovered
the first material with a negative temperature coefficient of
resistance, silver sulfide. At the time, the word semiconduc-
tor did not exist. Yet we now know that this first semicon-
ducting material laid the foundation for an entirely new and
extremely important class of electronic materials. Today, a
similar revolution is unfolding for optical materials. Textbook
conceptions of light-matter interactions, such as the notions of
exclusively positive refractive indices' and reciprocal light
propagation,® ' are being redefined by new optical materials.
These materials allow light to be controlled in ways previously
thought impossible, providing techniques to circumvent the
diffraction limit of light and tune both electric and magnetic
light-matter interactions.

At Stanford University, my research team is developing such
new optical materials and using them to directly visualize, probe,
and control nanoscale systems and phenomena—particularly

those relevant to energy and biology. We aim to address
questions such as: Can optical microscopy achieve a resolu-
tion comparable to electron microscopy to study nanoscale
systems in situ and in real time? Can catalytic processes
be probed on the single particle or molecule level, to
understand and improve catalytic reactions? Can proteins
or small molecules be optically trapped and manipulated
in vivo to directly probe molecular mechanics and inter-
actions in cells? Though seemingly diverse, these ques-
tions all require precise control of light-matter interactions
across wavelength and sub-wavelength scales, as enabled
by new optical and plasmonic materials.

To tailor light-matter interactions, noble metal nanopar-
ticles provide a particularly versatile platform. In this article,
first we explore the impact of quantum effects on the plasmonic
properties of small (<5 nm) noble metal nanoparticles.”* To
correlate the spectral properties of particles with their struc-
ture, we utilize electron energy-loss spectroscopy (EELS) in
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a transmission electron microscope (TEM). We then describe
how plasmon-EELS can be used as a new, powerful method
to monitor phase transitions of individual metallic particles
using the hydrogenation of palladium as an example.'

Next, we discuss the plasmons of coupled nanoparticles.
The electron beam in our TEM-EELS platform can be used
to dynamically change the interparticle separation of par-
ticle pairs. For sufficiently close separations (<1 nm), elec-
trons tunnel between the particles, significantly impacting
the far-field optical response of plasmonic particle dimers.'?

Finally, we transition from investigations of electric dipo-
lar plasmon resonances to magnetic dipolar resonances. We
describe our research efforts to create a liquid metamaterial
or “meta-fluid” that exhibits a tunable magnetic permeability
and the potential for a negative refractive index at optical
frequencies.!® Our approach is based on protein-directed
assembly of non-magnetic plasmonic metallic nanoparti-
cles. Both individual nanoparticle clusters and the resulting
bulk colloidal metamaterial respond strongly to the driving
magnetic field of light, providing the foundation for future
“gram-scale” metamaterial paints, which could be readily
applied to any surface.

A primer on classical plasmon resonances
Consider illuminating a conducting particle, such as a metal-
lic nanoparticle or a heavily doped semiconducting particle.
Light consists of an alternating current (AC) electric field that
drives the free electrons of the particle to oscillate. The col-
lective oscillation of free electrons in response to a driving
field is known as a plasmon. For a particle much smaller
than the wavelength of light, the electron oscillation mim-
ics an electric dipole, and the particle’s polarizability o can
be written in terms of its radius 7, its permittivity €, and the
permittivity of the surrounding medium, ¢

L5 1

Note that the denominator in this expression can approach
zero, since ¢ for conducting materials is negative across cer-
tain frequencies. Therefore, the polarizability of conducting
particles can be extraordinarily high, a result that directly
impacts the scattering and absorption cross-sections of the
particle. As an example, a silver nanoparticle embedded in
vacuum (g, = 1) will exhibit a peak in its polarizability when

= —2. The bulk permittivity of silver has a real component
equal to —2 at a wavelength of 355 nm, which yields a peak
in the absorption efficiency, and hence a plasmonic resonance
at that same wavelength.

An important feature of plasmon resonances is their tun-
ability with properties such as the geometry of the particle
(i.e., size and shape), the refractive index of the surrounding
medium, and the electron density or charge of the nanopar-
ticle. Many applications of plasmon resonances have relied on
this tunability, and a few are highlighted here to illustrate the
breadth of the field.!”!®

First, plasmon particles have found extensive applications
in medical imaging and therapeutics, including photoacoustic
imaging, photothermal cancer treatments, and drug deliv-
ery.'*?® Second, plasmon resonances can be used to increase
the efficiency of solar energy conversion (i.e., by increas-
ing the absorption cross-section of photovoltaic materials
or by preferentially scattering sunlight into the active lay-
ers of a photovoltaic cell).?*? For example, plasmons have
increased the efficiency of thin-film amorphous silicon cells
from 4.8% to over 6% —a significant improvement in cell
efficiency, simply by patterning the back contact of the cell
to support surface plasmons.?® Third, surface plasmons
have been used to create optical tweezers that can directly
trap and manipulate subwavelength particles and even pro-
teins, giving new insights into protein folding and unfold-
ing.>*? Finally, because surface plasmons are sensitive to
changes in refractive indices and charges, they can be used
to sensitively detect molecular absorption, redox reactions,
and catalysis.?” !

Given the importance and broad applicability of particle
plasmon resonances, two features are particularly surpris-
ing. First, most applications of plasmonic nanoparticles
appear to rely on larger nanoparticles, with dimensions
greater than 10 nm. That size may seem small, but we ques-
tioned what unusual effects might emerge if plasmons were
to be confined to even smaller spaces, where quantum effects
such as energy discretization and tunneling may play an
important role. Second, most applications of plasmonic
particles rely on electric resonances (i.e., how the electric
field of light drives the electrons in the nanoparticle). How
might their optical response change if they could also respond
to the magnetic field of light? The field of metamaterials
provides a solid roadmap for the intriguing properties acces-
sible with magnetic resonances, including negative and
near-zero refractive indices—essentially, tunable refractive
indices beyond the library of naturally occurring materials.
To my knowledge, there was no demonstration of a col-
loidal metamaterial that could form the basis for metamate-
rial liquids or paints. These two questions drove my initial
research in this field.

Quantum-influenced plasmon resonances of
individual particles

Nearly five decades of elegant experiments have aimed to
unravel the intrinsic plasmonic properties of very small parti-
cles; however, these measurements have contended with several
significant challenges. To begin with, very small sub-10-nm
particles are characterized by extremely weak optical scattering,
with particle absorption dominating over scattering. To overcome
this weak scattering, typical experiments measure the plasmon
resonances of ensembles of particles. Such measurements
suffer from the effects of particle heterogeneity, meaning no
techniques can produce particles that are all identical in size,
shape, and aspect ratio, and, accordingly, any ensemble meas-
urement will result in broader spectral line shapes than would
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be characteristic of a truly monodisperse sample. Further, as
implied by Equation 1, larger particles in the ensemble will
dominate the plasmonic response even if they constitute a
small fraction of particles in the ensemble. Finally, ligands
add yet another complicating factor to the interpretation of the
plasmonic spectra. Since plasmons are sensitive to the refrac-
tive index of the surrounding medium, the surface functional-
ization of the particle can influence the spectra. Importantly,
the smaller the particle, the larger the impact of the ligands.

Inspired by prior measurements on small plasmonic par-
ticles,** our approach utilized single-particle techniques that
enabled correlation of particle spectra with particle structure.
We used monochromated EELS in a TEM to achieve both
atomic-scale spatial resolution and very high spectral resolu-
tion.” The concept is outlined in Figure 1. An electron beam
is focused to a spot size of roughly 0.25 nanometers and
then passed through a sample of nanoparticles on an electron
transparent substrate. Upon interaction with a nanoparticle,
the electron beam excites the various modes of the particle,
including the surface plasmon resonance and the bulk plas-
mon resonance. The electron beam therefore loses energy
corresponding to the energy of these modes, and the detector
measures this energy loss. Importantly, various resonances of
the particle can be selectively excited based on the electron
beam position. For example, for a subwavelength spherical
particle, a beam position near the edge of the particle excites
the surface plasmon resonance, while a beam position near
the center of the particle excites the bulk plasmon resonance.

TEM-EELS has seen significant advances in the last few
years, and an imaging resolution of 0.07 nm is now achievable.
To illustrate the extraordinary imaging capabilities of this sys-
tem, Figure 1b includes electron micrographs of synthesized
silver nanoparticles. Our synthesis yielded particles with sizes
ranging from 20 nm to about 1 nm. Further, to circumvent the
effects of ligands that might otherwise shift or dampen the
surface plasmon resonances, our particles were synthesized
without organic ligands."

SMONIC MATERIALS AND M
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What happens to plasmon resonances as the particle size
is reduced? Our experiments revealed two significant trends.
First, we noticed a significant, ~0.5 eV, blueshift of the peak
resonance energy, illustrated in Figure 1c. As seen in the
experimental EELS data, the blueshift is especially pronounced
for particles smaller than 5 nm in diameter. Additionally, the
spectral linewidth increased, corresponding to a reduced plas-
mon lifetime.

How might we explain the significant blueshift and line-
width broadening? One approach considers the increased
scattering frequency of electrons as the particle size is
reduced. This approach accounts for the observed peak
broadening, but actually predicts a slight redshift for noble
metal plasmon resonances. Instead, we considered a quantum
approach, which models the impact of discrete electronic
transitions on the surface plasmon resonance. The calculated
spectra for various particle sizes are shown in Figure 1c (the
color map corresponds to the absorption efficiency, analogous
to the electron energy-loss probability). Our experimental
data agree and are in striking contrast to what a purely clas-
sical model would predict (white dotted line).

These results suggest two somewhat unexpected conclu-
sions. First even though our particles consist of hundreds
of atoms, the discretization of energy levels still impacts
the plasmon resonance. Second, even though our particles
are significantly larger than the de Broglie wavelength of an
individual electron, collective oscillations of electrons (i.e.,
plasmons) experience quantum confinement.

Monitoring catalytic reactions on single
particles

Smaller plasmonic particles tend to make excellent sen-
sors, owing to their large surface-area-to-volume ratio. They
also tend to make better catalysts. For example, the cat-
alytic activity for CO oxidation on gold nanoparticles is
negligible for particles above 5 nm in size but increases
exponentially for smaller sizes.>® Additionally, many open
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Figure 1. Electron energy-loss spectroscopy (EELS) in a transmission electron microscope (TEM) can be used to probe classical and
quantum plasmon resonances. (a) Schematic of TEM-EELS experimental setup. The combined TEM-EELS approach allows correlation
between spectra and structure. (b) Transmission electron micrographs of two representative Ag nanoparticles. (c) The plasmon
resonances of individual metallic nanoparticles become influenced by quantum effects for particle sizes below approximately 5 nm.
There, the discrete quantum electronic transitions between occupied and unoccupied energy levels cause a blueshift in the plasmon
resonance that is not predicted classically (white dotted line) but can be understood using quantum theory (colorbar) and observed
experimentally (data points). Adapted with permission from References 13 and 14.
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questions remain about the nature of phase transitions in
small particles. This intercalation-driven phase transition
presents a simple model system to explore the thermody-
namics relevant to many energy and information processes,
including hydrogen storage, battery charging, and memory
switching. As seen in Figure 2a, palladium hydride under-
goes a transition from a dilute a phase to a hydrogen-rich,
lattice-expanded B phase with increasing hydrogen gas pres-
sure. Recent studies of nanoscale palladium hydride sys-
tems have revealed significant thermodynamic deviations
from the bulk.’® For example, ensemble measurements of
Pd nanocrystals as large as 65 nm have suggested sloped
pressure—composition isotherms, in striking contrast to
the sharp o to B phase transitions observed in bulk palla-
dium. To identify whether such results are intrinsic to the
nanoparticles or arise from heterogeneity in the sample,
single-particle measurements are essential.

Inspired by single-particle work utilizing plasmonic nano-
antennas,** we sensed the o to p phase transition utilizing

Normalized EELS Counts

2 4 6 8 10 12 14
Energy (eV)

Figure 2. Electron energy-loss spectroscopy (EELS) can be used
to explore the thermodynamics of PdH, phase transitions on a
single nanoparticle. (a) Schematic of the a-to-p phase transition
(gray circles = Pd, red circles = H). (b) Experimental EELS
spectra of a single cubic nanocrystal. The measured peaks
below 10 eV correspond to the bulk plasmon resonance of the
nanocubes and can be used to track the hydrogenation state
of the Pd. When the hydrogen pressure in the environment
is 98 Pa (red shaded curve with peak o, pqy,), the particle is
fully hydrided (B phase); when the hydrogen pressure is 4
Pa (blue shaded curve with peak o, ), the particle is fully
desorbed (a phase). The peak at 11 eV corresponds to the
SiO, substrate, while that at 13 eV corresponds to hydrogen in
the environment. Schematic adapted with permission from
http://students.chem.tue.nl/ifp14/metalhydrides.htm. Data
from Reference 14. Note: E;, bandgap energy; o, bulk plasma
frequency.

SMONIC MATERIALS AND

in situ, environmental TEM-EELS.'* The phase change of
individual palladium nanocrystals was monitored by prob-
ing their bulk plasmon resonance—a direct measure of the
material phase and composition. Importantly, this technique is
more sensitive than prior techniques and allows ready correla-
tion between particle structure and spectra.

Figure 2b illustrates example experimental EELS spec-
tra on a single Pd nanocube, acquired at two different H,
pressures: P = 4 Pa (blue shaded region) and P = 98 Pa
(after hydrogen absorption, red shaded curve). The mea-
sured peaks below 10 eV correspond to the bulk plasmon
resonance of the nanocrystal and can be used to track the
hydrogenation state of the Pd. Upon increasing the hydro-
gen pressure, a large and reversible shift in the plasmon
resonance marks the transition from the o phase (peak at
7.7 eV) to the B phase (peak at 5.6 eV). Peaks at 11 eV and
13 eV correspond to the SiO, substrate and the presence
of hydrogen in the environment, respectively, and merely
change their amplitude with increasing/decreasing hydro-
gen pressure.

Our ongoing work in this area is aimed at constructing
full pressure—composition isotherms on a variety of nano-
crystal sizes and shapes. Experiments to date indicate sev-
eral intriguing trends for the thermodynamic properties of
nanocubes, including abrupt transitions between the o and
B phases for particles larger than 15 nm and size-dependent
loading pressures, with larger particles tending to load at
higher equilibrium pressures.' It is our hope that this envi-
ronmental TEM-EELS approach will provide a new high-
resolution technique for unraveling unknown or unresolved
thermodynamic processes on individual particles.

Quantum-influenced plasmon resonances:
coupled particles
Coupled plasmonic particles can be used as sensitive sur-
face-enhanced Raman spectroscopy platforms, molecular
rulers, and novel nanoantennas.**** Numerous studies have
elegantly explored the dependence of plasmon resonances on
interparticle separation.**” But what happens when parti-
cles get so close that electrons can tunnel between particles?
In 2009, Nordlander and colleagues showed theoretically
that quantum tunneling between two plasmonic nanoparticles
reduces the electric field intensity in the particle junction
and causes a relative blueshift of the dimer plasmon reso-
nance, compared with classical predictions.*® These effects
could impact the design of future quantum plasmonic nano-
antennas and molecular sensors; they could also enable
entirely new quantum plasmonic devices and novel molecular
optoelectronic applications. However, observing the effects
of quantum tunneling would require interparticle separations
approaching 0.5 nm—a challenging feat for most traditional
fabrication methods.

To explore the plasmonic properties of coupled parti-
cles in the quantum-tunneling regime, we again relied on
TEM-EELS."S Somewhat fortuitously, we discovered that
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ligand-free nanoparticles were mobile under appropriate
electron beam conditions. As we focused the electron beam to
a small probe size, we could move 10 nm diameter nanoparti-
cles atarate of about 0.02 nm per second—allowing one par-
ticle to approach another with high precision. Concurrently,
we could use EELS to map the plasmonic modes of the
dimer.

Figure 3a includes transmission electron micrographs of
two 9 nm silver nanoparticles as they approach and coalesce.
For particles separated by a 1 nm gap, EELS resolves the par-
ticle’s bonding dipolar and quadrupolar resonances. Once the
particles merge, a very low energy mode appears, correspond-
ing to a charge-transfer mode. Such modes could be readily
understood using classical electromagnetism. However, some
intriguing trends were observed for interparticle separations
in the sub-nanometer regime, as highlighted in

sized particles. Additionally, the direct observation of quantum
tunneling implies that in situ assembly and analysis of new
quantum plasmonic materials and devices is possible.

A metafluid exhibiting strong visible frequency
magnetism

Our discussion has concentrated on the electric resonances of
particles, which result from the interaction of AC electric fields
with a particle’s free electrons. Are magnetic resonances,
which result from interaction of AC magnetic fields with parti-
cles, possible? Indeed they are. While most materials are “blind”
to the magnetic field of light, the field of metamaterials has
enabled some remarkably exciting materials exhibiting optical-
frequency magnetism. For example, engineered metamaterials
with a tunable electric permittivity and magnetic permeability

Figure 3b. This figure plots experimental
EELS spectra for particles with separations
ranging from approximately +0.7 nm to
—0.5 nm. Here, a positive separation means
that the particles are separated by a gap,
while a negative separation means that the
particles are overlapping. For separations less
than about 0.7 nm, the bonding dipolar plas-
mon significantly decreases in intensity and
exhibits a slight redshift. Classical predic-
tions, which assume that electrons are con-
fined to the particle by an infinite potential
well, would have predicted a stronger bond-
ing dipolar plasmon as well as a significant
redshift to extremely low energies. Our experi-
ment only matches these classical experiments
for separations exceeding ~1 nm.

To explain our results, we again turned to
quantum theory.*° We know that electrons are
not confined to an infinite potential well. Instead,
they are confined by a finite potential well that
is determined by the work function of the metal.
In the presence of an applied electric field, the
electrons can tunnel over this work function into
the neighboring particle. This tunneling will
significantly impact plasmonic properties. In
the case of nearly touching particles, the elec-
tron current in the gap will dampen the bonding
dipolar plasmon and cause a relative blueshift;
further, for just-overlapping particles, quantum
effects will also dampen the charge-transfer
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plasmon. Javier Aizpurua has performed den-
sity functional theory calculations to account for
these quantum effects in plasmon particle pairs.*
The results are included in Figure 3¢ and show
remarkable agreement with our experimental
results. Most surprising about these results is
that quantum effects can significantly impact
the far-field optical properties of classically

Figure 3. Transmission electron microscopy and electron energy-loss spectroscopy
(EELS) can be used to image, manipulate, and spectrally map the modes of plasmonic
particle pairs. For sufficiently small separations between metallic particles, electrons tunnel
between particles and modify the optical response. (a) Transmission electron micrographs of
two 9 nm silver nanoparticles as they (right to left) approach and coalesce. (b) Experimental
EELS data for various particle separations' are in excellent agreement with (c) full density
functional theory calculations.*® Note: CTP, charge-transfer plasmon; BQP, bonding
quadrupolar plasmon; CTP’, higher order charge-transfer plasmon; BDP, bonding dipolar
plasmon.
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can exhibit refractive indices different from the library afforded
by naturally occurring materials, such as negative and near-zero
refractive indices.!” Additionally, metamaterials and metasur-
faces exhibiting optical magnetism can enhance the efficiency
of natural magnetic or mixed electric-magnetic transitions.>'*?
Such effects can be used to enable new, more sensitive chiral
spectroscopies or even enantioselective syntheses (i.e., synthe-
ses that favor formation of a specific enantiomer).>

Planar multiparticle assemblies (such as a plasmonic trimer
or asymmetric dimer) support optical frequency magnetic
modes but only for a particular angle of incidence and for
a particular polarization.’* % Inspired by several theoretical
studies,” we wondered if we could create a metamaterial
exhibiting optical magnetism for all illumination angles and
polarizations. Further, we sought to create such materials using
colloidal synthesis to yield a metafluid. Such a metamaterial
liquid or gel would combine the advantages of solution-based
processing with facile integration into conventional optical
components or networks. For example, a negative or near-zero
index fluid could be coated onto existing imaging arrays to
enhance the detection resolution. Alternatively, the metamate-
rial solution could be sprayed onto the surface of microelec-
tromechanical devices to prevent stiction or on the surface of
bulk devices to control scattering and absorption.

Our approach relied on protein-directed assembly of plas-
monic nanoparticles in aqueous solution.'® Silver nanoparticles
functionalized with biotin were mixed with silica nanoparticles
functionalized with the protein streptavidin. Based upon the
strong biotin—streptavidin interactions, the silver nanoparticles
formed concentric loops around silica cores (see Figure 4a);
the initial and resulting colloidal solutions are shown in Figure 4b.
High resolution transmission electron microscopy and scanning
electron microscopy confirmed the three-dimensional nature of
the assembled metamolecules. Both single-particle spectroscopy
and ensemble measurements confirmed the magnetic response.
At a wavelength of 630 nm, magnetic dipole scattering from
the bulk solution was measured to be 12% of the strength of the

SMONIC MATERIALS AND

electric dipole—significant for a bulk nanoscale system at
optical frequencies. This magnetic response could in turn be
used to create a tunable index fluid. For example, Figure 4c
plots calculations of the effective refractive index of the solu-
tion as a function of metamolecule concentration. For particle
packing fractions (i.e., fill factors) exceeding 40%, the result-
ing metamaterial can exhibit effective refractive indices below
zero. While we have yet to achieve such high yields, our col-
loidal approach may ultimately enable metamaterial synthesis
on gram or kilogram-scales, accelerating development of
advanced metamaterial- and/or metasurface-based devices.

Outlook

Plasmonic materials and metamaterials have opened up pro-
found ways to control light—matter interactions across wave-
length and sub-wavelength scales. Advances in these materials
are poised to impact fields ranging from catalysis to computing,
solar energy, microscopy, and molecular electronics. Our work
on quantum plasmonics and optical-frequency magnetism is
but a small contribution to the nanophotonics community, but
one that we hope will incite new questions and perhaps new
research directions. As Faraday said, “It is the great beauty of
our science ... that advancement in it, whether in a degree great
or small, instead of exhausting the subjects of research, opens
the doors to further and more abundant knowledge, overflowing
with beauty and utility.”*
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Materials Research Society®

University
Chapters

The Materials Research Society® (MRS)
University Chapter Program is a passionate

and talented network of students from universities
around the world. Supported by the Materials
Research Society Foundation, the program fosters
an environment for collaboration and open exchange
of ideas across all scientific disciplines, spanning
campuses and continents. These students represent the
next generation of materials research and are preparing
to carry the torch forward, advancing materials and
improving the quality of life.

You’ll find starting an MRS University Chapter is a fun and
exceptionally valuable experience. Working through your
Chapter—hosting events, creating special projects and
connecting with experts from around the world—will prepare
you for future professional and leadership roles in the materials
community. Your Chapter can also play a vital role in bringing
science to a broader audience. Now more than ever, the goal is
to successfully bring research out of the laboratory and into the
classroom and to the general public ... to show how materials have
changed our history and continue to shape our future.

MRS continues to explore new ways to effectively foster growth of
virtual global materials communities, using emerging technologies
that are smart, fresh and innovative ... and that includes our
University Chapters. With social media, MRS OnDemand® and
two-way live streaming, we’re already tapping into today’s
technologies to engage Chapters unable to attend our
Meetings, but with the promise of new innovations, tools
and devices, we continue to look ahead. Help us build
the Chapter of the Future! Together we can design and
develop virtual events to better collaborate, educate,
participate and fascinate—across Chapters, across
disciplines, across borders.

Now’s the time to use your excitement, expertise
and unique scientific perspectives to forge a new

path. Join this international student community.

Start an MRS University Chapter today!

Pes

MATERIALS RESEARCH SOCIETY

FOUNDATION

An International Community

One of the main objectives as graduate students and future
researchers is to acquire the ability to build scientific networks
for enhancing our vision, mission and scientific cooperation.
MRS offers multiple tools to accomplish this with annual
meetings, workshops, the MRS Bulletin and useful applications
such as career connections or MRS OnDemand. Our MRS
Student Chapter allowed us to obtain support from the
Sociedad Mexicana de Materiales (SMM) that expands our
national network. The formation of MRS Cinvestav Student
Chapter not only allows us to integrate and exchange ideas
as materials science students at Cinvestay, but also have the
opportunity to know the science beyond our borders.

Natalia Tapia, Chapter President

Centro de Investigacion y de Estudios Avanzados
del Instituto Politécnico Nacional (Cinvestav-IPN)
Mexico City, MEXICO

Interdisciplinary Collaboration

The MRS Student Chapter at WSU was organized
by students who recognized the need to bring
together a diverse group of students who were
working in materials science. The campus is spread
out geographically and students pursuing PhD
degrees in MSE can be advised by chemistry or
physics professors who are located far from the MSE
department located in the engineering buildings.
There is no distinction made between students whose .-
aadvisors are in different departments or colleges, and
the MRS Student Chapter has been a great vebhicle to
promote unity within the disciplines here.

David Field, Chapter Faculty Adviso
Washington State University
Pullman, Washington, USA



The MRS University Chapter Experience

The MRS UniVéf‘sIfy*Cha ter Program provides invaluable experiences and benefits for student

members, but don’t take ou&xgi)gd\- or it. Our Cha

o

D

Leadership Development

The Materials Research Society, along with our local Binghamton
University Chapter, has positively influenced my commitment to
materials science and technology. We were inspired by our advisor,
Professor M. Stanley Whittingham, to start this Chapter ... and
motivated by his enthusiasm and our faith to bring science to the
general public, we continue to hold numerous events taken from
MRS, i.e. MAKING STUFF and NanoDays. As our organization grows,
we keep growing our events, and have found a solid and welcoming
place in our community. Apart from the target audience, our events
also benefit the volunteers, who gained valuable experience both from

ster Members Say It Best!
~— e

Education Outreach

Our Chapter has enabled us to establish collaborations among
the scientists on campus through informal social events, in
addition to providing opportunities to participate in outreach.
Integrating the science outreach efforts of Vanderbilt’'s
community into our local community is one of our primary
goals. As a University Chapter, we received a grant through
the Materials Research Society Foundation to bring emerging
materials science and hands-on activities to disadvantaged

preparation, interaction, and activities. We feel proud and grateful to students and teachers in rural Tennessee. Without these seed

be part of an MRS University Chapter. funds, our Vanderbilt program, Materials Outreach for Rural
Education (MORE), would not have been possible.
Tianchan Jiang, Chapter President
Binghamton University Amy Ng, Chapter President
Binghamton, New York, USA Vanderbilt/Fisk Universities
. Nashville, Tennessee, USA

\

Professional Growth

Starting and advising an MRS University Chapter is truly a
rewarding experience. One can see professional growth of
students, who start feeling like members of the worldwide
materials research community. | come to MRS meetings with a
“team,” not just a couple of my students. Exciting initiatives and
project ideas generated by students are amazing. Not surprisingly,
some of the most prominent materials scientists, such as Millie
Dresselhaus (MIT) or Stan Whittingham (SUNY Binghamton), have
been acting as Faculty Advisors for many years.

Building Chapters of the Future

| had the chance to present at the 2012 MRS Fall
Meeting’s Sustainability Forum, while being over
9000 km away from the meeting venue. | felt as if |
was actually in Boston, being able to take questions,
address them and getting into discussions with the
committee. Thanks to the Materials Research Society
and our local MRS-KAUST University Chapter for
making this possible.

Yury Gogotsi, Chapter Faculty Advisor
Drexel University
Philadelphia, Pennsylvania, USA

Ahmed E. Mansour, Chapter Vice President

King Abdullah University of Science and Technology
(KAUST)

Thuwal, SAUDI ARABIA

Chapter Support

As a graduate student, itis key to broaden your spectrum of what
is taking place in the research world in real time. MRS opens up
many avenues, especially when working from a University Chapter.
Direct contact with-MRS associates helps keep everyone abreast
of conferences, Chapter opportunities and activities that otherwise
\ may not have b_c_-)én as easily accessible. MRS also rewards student
\ memberships with rebates and travel expenditures, helping promote
student involvement as well as Chapter building. We were able to
hosta mu[tftude of meetings and seminars as well as send students

to attend MRS conferences to promote their research.
J

/
Chinedu Okoro, Chapter President
— Tuskegee University
skegee, Alabama, USA

FOR MORE INFORMATION

on the MRS University Chapter Program,
visit www.mrs.org/university-chapters




