Cassandra Hunt
Miller Research Fellow
Physics, Materials Sciences Division

University of California, Berkeley

Tuesday, October 4th, 2016
4:00pm Tech L361
"Manipulating superconductivity in cuprates by selective ultrafast light excitation"
ABSTRACT: Ultrafast light excitation is proving to be a powerful tool to manipulate electronic, spin, and
structural behavior in solids. The key is tailoring light pulses to selectively pump a specific excitation channel
without introducing quasiparticle heating. I will discuss two different methods to support superconductivity in
cuprate superconductors using mid-infrared light that targets lattice phonon excitations. In the lanthanide
cuprate La1.8-xEu0.2SrxCuO4, superconductivity is suppressed around x = 1/8 doping by charge and spin
stripe order that is stabilized in the CuO2 planes by underlying lattice distortions. By targeting an in-plane CuO stretching mode, charge order can be suppressed and superconductivity reintroduced throughout the charge
ordered regime. The relaxation dynamics of the light-induced phase reveals information about how
superconductivity competes with the ground state. In YBa2Cu3O6+x, a different phonon excitation, this time
of the apical oxygen atoms that sit above and below pairs of CuO2 planes, appears to support
superconductivity. This is measured as enhanced Josephson coupling between pairs of CuO2 planes and a
corresponding blue shift in the Josephson plasma mode. Surprisingly, this same excitation generates a plasma
mode very similar to the Josephson mode even far above the superconducting transition temperature,
throughout the pseudogap phase. I will discuss how the relaxation pathway of this mode points to a Josephson
tunneling origin and explore possible mechanisms driving the formation of this state.
BIO: Cassandra Hunt is a Miller Research Fellow at the University of California, Berkeley. She joined as a

fellow in October 2015 after completing her Ph.D. in condensed matter physics at the University of Illinois at
Urbana-Champaign, in the group of Laura Greene. From fall 2010 through 2014, she worked primarily in
collaboration with the lab of Andrea Cavalleri at the Max Planck Institute for Structure and Dynamics of
Matter in Hamburg, Germany. Her research focuses on using selective, ultrafast light excitation to manipulate
material properties in correlated systems. Cassandra is interested both in using light to control material
behavior and also as a tool to understand phase competition in the ground state of complex materials. As a part
of her postdoc, she is working with Alessandra Lanzara to construct a new system to combine high-intensity,
tailored light excitation with time-resolved, angle-resolved photoemission spectroscopy (ARPES).
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David Cahill
Professor/ Department Head
Materials Science and Engineering
University of Illinois at Urbana - Champagne

Tuesday, November 22nd, 2016
4:00pm Tech L361

"Picosecond Spin Caloritronics"
ABSTRACT: The electronic states of materials have an intrinsic angular

momentum known as “spin”. The coupling between diffusive currents of spin and heat in materials is the basis
of the emerging field of “spin caloritronics”. Analogous to a thermocouple where a temperature difference
produces a voltage that can be used to measure temperature, heat currents in magnetic materials produce currents
of spin that can be used to manipulate magnetization. Our work in this field takes advantage of recent advances in
the measurement and understanding of heat transport at the nanoscale using ultrafast lasers. We use picosecond
duration laser pulses as a source of heat (the pump) and detect changes in temperature and magnetization using a
combination of thermoreflectance and magneto-optic Kerr effect (the probe). Our pump-probe optical methods
enable us to generate enormous heat fluxes on the order of 100 GW m-2 that persist for ~30 ps.
Spin caloritronics effects can be divided into two broad categories: effects arising from thermal excitations of
independent electrons (spin-dependent Seebeck effect) and effects arising from collective excitations of spin waves
(spin Seebeck effect). The spin-dependent Seebeck effect of a perpendicular ferromagnetic layer converts a heat
current into a spin current, which in turn can be used to exert a thermal spin transfer torque on a second
ferromagnetic layer with in-plane magnetization. Using a [Co,Ni] multilayer as the source of spin, an energy fluence
of ≈4 J m-2 creates thermal STT sufficient to induce ≈1% tilting of the magnetization of a 2 nm-thick CoFeB layer.
We study the spin Seebeck effect driven by an interfacial temperature difference between electrons in a normal
metal (Au or Cu) and spin-waves in a ferromagnetic insulator (Y3Fe5O12). The spin Seebeck coefficient provides
new insights on the coupling of ex citations across material interfaces.
BIO: David Cahill is the Willett Professor and Department Head of Materials Science and Engineering at the University of
Illinois at Urbana-Champaign. He joined the faculty of the U. Illinois after earning his Ph.D. in condensed matter physics from
Cornell University, and working as a postdoctoral research associate at the IBM Watson Research Center. His research
program focuses on developing a microscopic understanding of thermal transport at the nanoscale; the discovery of
materials with enhanced thermal function; the development of new methods of materials analysis using ultrafast
optical techniques; and advancing fundamental understanding of interfaces between materials and water. He received
the 2015 Touloukian Award of the American Society of Mechanical Engineers and the Peter Mark Memorial Award from
the American Vacuum Society (AVS); is a fellow of the AVS, American Physical Society (APS) and Materials Research
Society (MRS); and a past-chair of the Division of Materials Physics of the APS.
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David Pine

Chair, Professor
Chemical & Biomolecular Engineering, Physics
New York University

Tuesday, November 15, 2016
4:00pm, Tech L361

"Self-assembly of new structures and materials with DNA-coated colloids"

Abstract: Coating colloidal particles and clusters with DNA, we program
interactions between colloids, using their shape to make crystal structures
that have previously been difficult or even impossible to make. Some of
the structures have no known atomic equivalent. Use of different
materials allows the structures to be modified after being assembled
leading to new open structures with interesting optical and mechanical
properties.
Biography: David Pine is Silver Professor of Physics and Chair of the

Department of Chemical & Biomolecular Engineering at New York University.
His research interests focus broadly on self-assembly of mesoscale materials,
with particular interests in colloids, emulsions, and polymers. Recent projects
include the development of patchy colloids, DNA-coated colloids, lock-and-key
colloids, light-activated colloidal swimmers, and random organization of driven
particle suspensions far from equilibrium. He is also interested in the optical
properties of soft materials, and was one of the original developers of diffusingwave spectroscopy, a light scattering technique for probing the dynamics of
optically dense multiply-scattering materials. He has taught at Haverford
College, worked at Exxon Corporate Research, and held faculty positions at
UCSB in chemical engineering and materials and at New York University in
physics. He also holds an appointment as Fellow Professor of Polymer Science
& Engineering at Sungkyunkwan University in South Korea.
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Jiaxing Huang
Associate Professor
Materials Science and Engineering

Northwestern University
Tuesday, September 27th, 2016
4:00pm Tech L361
Pencils, Paper, and Movie Discs: Curious Minds and Materials Discoveries
ABSTRACT: Curiosity is a fundamental driving force for scientific research. I will discuss a
few curiosity-driven discoveries inspired by non-scientific sources that lead to new
hypotheses and solutions for solving material problems. For example, crumpled paper balls in a
waste basket inspired a new form of ultrafine particles that becomes aggregation-resistant
and can disperse in arbitrary solvents. This illustrates a new way to achieve colloidal
processability by reshaping the particles into weakly interacting morphologies, without the
need for surface chemistry. In another example, nanopatterns in Blu-ray movie discs are found
to be useful for improving the performance of solar cells through light trapping. This
inspires a new way to design nanopatterns with the help of information processing
algorithms. Finally, I will share a few examples of how curiosity-driven enquiry enhances
student learning experience. In one example, a question asked by students after class
inspired their creation of sensors from office and toy pencils.
BIO: Jiaxing Huang is an Associate Professor of Materials Science and Engineering at
Northwestern University. His main research interest is in the general area of material
chemistry and processing. In teaching, he encourages students to develop intuition and
exercise creativity. In addition to early career awards from the National Science
Foundation, the Sloan Foundation, the Society of Manufacturing Engineers and the Prairie
Chapter of American Vacuum Society, his work has been recognized by a quadrennial
Fissan-Pui-TSI Award from the International Aerosol Research Assembly, a Guggenheim
Fellowship and a JSPS Fellowship.
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Shriram Ramanathan
Professor
Materials Science and Engineering
Purdue University

rd

Friday, September 23 , 2016

4:00pm, Tech LR2-L171

“Strongly correlated semiconductors”
ABSTRACT: Strong Coulomb interactions in oxides can lead to electronic and magnetic
ground states unexpected from band theory and pose a formidable challenge to our
understanding of collective phenomena in the solid state. These electronic phases can
further be perturbed dramatically by subtle changes in crystal chemistry or external
fields. I will consider the problem of insulator-metal transitions, their control via
disorder, orbital occupancy and strong electric fields. I will present examples from
collaborative research that demonstrate new classesof solid state devices for
information processing, navigation and communicationsutilizing such semiconductors
and enabled by materials synthesis breakthroughs.Time permitting, I will discuss our
recent efforts to adapt these wonderful properties in neuroscience and evolutionary
biology.
BIO: S. Ramanathan received his PhD in Materials Science and Engineering from
Stanford University. He served on the research staff at Components Research, Intel
for over three years. Subsequently he served on the Applied Physics faculty at Harvard
University for nearly a decade. Presently he is a faculty member in materials at
Purdue University.
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Giulia Galli
Liew Family Professor of
Molecular Engineering
University of Chicago

Tuesday, November 8th,
2016 4:00pm, Tech L361
Engineering materials for sustainable energy sources
Abstract: The development of advanced materials is widely recognized as a key element for new

technologies, which are required to achieve a sustainable environment and provide clean and adequate energy
for our planet. We discuss how the combination of advanced theory and computation, in close connection with
state-of-the-art experiments, may lead to successful predictions and bottom up design of materials for energy
applications.

Biography: Giulia Galli is the Liew Family Professor of Electronic Structure and Simulations in the Institute
for Molecular Engineering at the University of Chicago. She also holds a Senior Scientist position at Argonne
National Laboratory (ANL) and she is a Senior Fellow of the UChicago/ANL Computational Institute. Prior to
joining UChicago and ANL, she was Professor of Chemistry and Physics at UC Davis (2005-2013) and the
head of the Quantum Simulations group at the Lawrence Livermore National Laboratory (1998-2005).

She holds a Ph.D. in Physics from the International School of Advanced Studies (SISSA) in Trieste, Italy. She
is a Fellow of the American Physical Society (APS) and of the AAAS. She is the recipient of an award of
excellence from the Department of Energy (2000) and of the Science and Technology Award from the
Lawrence Livermore National Laboratory (2004). She is currently the director of MICCoM (Midwest
Integrated Center for Computational Materials), established by DOE in 2015. Her research activity is focused
on the development and use of theoretical and computational tools to understand and predict the properties and
behavior of materials (solids, liquids and nanostructures) from first principles.
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James Rondinelli
Assistant Professor and
Morris E. Fine Junior Professor in Materials and Manufacturing
Northwestern University

October 25, 2016
4:00pm Tech L361
Discovering New Tricks in Older Complex Oxides
Transition metal oxides offer an exciting platform for electronics owing to
the allure of phenomena they offer, including ferroic functionality,
correlated-electron behavior, and coexisting contraindicated properties.
Owing to the sensitivity of their properties on (local and crystal) structure
and composition, picoscale structure-property relationships are necessary to design function. Here, I briefly provide
an overview of our progress in identifying these relationships and finding new phases through quantum-mechanical
approaches combined with multiple materials-theory methods. Then, I describe two examples of how external
perturbations to picometer scale distortions of bond lengths and angles produce unanticipated phenomena in thin
films and bulk oxides of the form An+1BnO3n+1 (n=1-∞), originally discovered by Ruddlesden and Popper in the
1950s. First, although large epitaxial strains are believed to induce ferroelectricity, I show that biaxial strain induces
an unforeseen polar-to-nonpolar (P-NP) transition in (001) thin films of Ca3Ti2O7 (n=2) at experimentally accessible
biaxial compressive and tensile strains. I explain the origin of the P-NP transition as arising from the interplay of
anharmonic lattice interactions, which are directly strain tunable, and then propose a design rule for the appearance
of the P-NP transition. Second, I identify a quasi-two dimensional (quasi-2D) phonon mode with a negative
Grüneisen parameter in the layered titanate with quadratic dispersion akin to that found in 2D nanomaterials
(graphene, monolayer transition metal dichalcogenides, etc.). This phonon mode can be utilized to realize unusual
membrane effects, including tunable negative thermal expansion and a rare pressure-independent thermal softening
of the bulk modulus. I conclude by emphasizing that older complex oxides, which are now understood to exhibit
nontrivial anharmonicities, offer a plentiful playground for realizing new functionalities in thin film and bulk form.
Biography: James Rondinelli is the Morris E. Fine Junior Professor in Materials and Manufacturing at
Northwestern University in the Materials Science and Engineering (MSE) Department, where he leads the Materials
Theory and Design Group. His interests are in electronic structure theory and first-principles design of functional
inorganic materials using atomic scale structure-property relationships. In 2016 he received a Sloan Research
Fellowship in Physics, the Presidential Early Career Award for Scientists and Engineers (PECASE), and the 3M
Non-Tenured Faculty Award. Additional honors include a NSF-CAREER Award (2015), DARPA Young Faculty
Award (2012), and ARO Young Investigator Program (YIP) award (2012). He received the 2014 Ross Coffin Purdy
Award from the American Ceramic Society and was named an Emerging Young Investigator by the Royal Society
of Chemistry (J. Mater. Chem. C, 2016) and the American Chemical Society (Chem. Mater., 2014). Dr. Rondinelli
has (co)-authored more than 95 peer-reviewed publications and holds 1 patent. He is a member of the APS, MRS,
ACS, TMS, and ACerS, and has organized multiple symposia for these societies on the physics and chemistry of
transition metal compounds. He serves as an editorial board member of npj Computational Materials (2015-) and
is member of the MRS Academic Affairs Committee (2015-) and the Argonne Center for Nanoscale Materials
(CNM) Users’ Executive Committee (2016-19). He received a B.S. in MSE from Northwestern (2006) and a Ph.D.
in Materials from the University of California, Santa Barbara (2010). From 2010-2011, he was the Joseph Katz
Named Fellow in the X-Ray Science Division at Argonne National Laboratory. Prior to joining Northwestern, he
was an assistant professor at Drexel University (2011-14).
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Jessica Krogstad
Assistant Professor,
Materials Science and Engineering
University of Illinois, Urbana-Champaign

Tuesday, November 22nd, 2016
4:00pm, Tech L361
Extreme Environments and Dynamic Morphology:
Anticipating and harnessing evolving structure-property relationships
Abstract: Faced with longer service lifetimes, higher operating temperatures, more complex loading

configurations, and aggressive environments, reliable operation of many key technologies hinges upon the
durability of materials or material systems. In these extreme environments, understanding the evolution of
material properties may be even more important than the initial performance of the material. Our research
focuses on linking thermodynamic and kinetic considerations to key morphological factors, which ultimately
dictate failure mechanisms. In this talk, we will highlight two case studies, wherein understanding these
relationships is allowing us to capitalize on the dynamic morphology to enhance performance. First, complex
nickel-based superalloy thin films deposited via DC magnetron sputtering will illustrate a route for accelerated
aging studies of conventionally processed alloys, with further consequences for oxidation/corrosion resistance
and high-throughput thermodynamic evaluations of novel alloy systems. We will conclude with a discussion
of intrinsic toughening mechanisms in structural and functional ceramics and the impact of localized
microstructural contributions to the activation of ferroelastic toughening.

Biography: Jessica A. Krogstad received her BS with Honors in Materials Science and Engineering from

the University of Illinois, Urbana-Champaign in 2007 and her PhD in Materials at the University of California,
Santa Barbara with Prof. Carlos G. Levi in 2012. Her doctoral work explored phase evolution and structural
stability in zirconia-based thermal barrier coatings. In 2012, she began a postdoctoral appointment in the
Department of Mechanical Engineering at Johns Hopkins University with Prof. Kevin J. Hemker. There she
focused on the exploration of high temperature metallic systems for MEMS applications and high temperature
micro-mechanical testing for experimental validation of multi-scale damage models of superalloy and
composite materials in the spirit of integrated computational materials engineering (ICME). She joined the
Department of Materials Science and Engineering at the University of Illinois at Urbana-Champaign as an
Assistant Professor in August 2014. Her research group explores the interplay between phase or morphological
evolution and material functionality in structural materials under extreme conditions. She is the recipient of the
DOE Early Career Award and the TMS Young Leaders Award.
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Ramille Shah

Assistant Professor
Materials Science and Engineering
Northwestern University

Tuesday, October 18th, 2016
4:00pm, Tech L361
Engineering New Functional Materials for 3D Printing: From
Cells and Biomaterials to Metals, Ceramics, Lunar Dust, and More
3D-printing (3DP) technologies have emerged as promising fabrication tools with applications across many fields. The
limited number of functional and scalable 3D printable inks, however, is preventing widespread adoption of its use as
a leading manufacturing platform. In this talk, new strategies for expanding the functional material toolbox for
extrusion-based 3D printing developed in my lab will be presented. I will discuss new 3D ink platforms with a major
focus on their use for biomedical applications and describe how these developments have led to the discovery of new
unexpected physical and functional material properties. The first platform uses partially cross-linked hydrogels to
produce well-defined self-supporting as-printed architectures for soft complex tissue and organ engineering. We have
developed the first single bioink method using polyethylene glycol cross-linkers (PEGX) for the synthesis of hydrogel
inks for cell printing that can be easily manipulated to tune hydrogel mechanical, degradation, nanostructural, and
bioactive properties without compromising printability. The second material platform is a new class of particle-laden
3D-printable liquid inks comprised of the particles of interest (60-80 vol.% solids content), an elastomeric,
biocompatible and biodegradable polymer (20-40 vol.% solids content), and a series of organic solvents. These inks
can be prepared under ambient conditions and rapidly 3D-printed via syringe extrusion at linear deposition rates
upwards of 15 cm/s into highly bioactive and ready to use structures comprised of as many as hundreds or thousands
of layers, with no drying time required prior to handling. The mechanisms governing the ability to directly 3D-print
these new inks into self-supporting constructs will be presented, as well as the unique microstructural, physical, and
biological properties of the resulting 3D-printed constructs. Expansion of this particle-laden ink system for creating
highly scalable and economical 3D-printed structures for non-biomedical applications will also be discussed.
Biography: Prof. Ramille Shah earned her B.S. in Materials Science and Engineering (MSE) at Northwestern
University and her Ph.D. in MSE with a specialty in Biomaterials from the Massachusetts Institute of Technology with
a research focus on gene-supplemented collagen scaffolds for musculoskeletal tissue engineering. In 2006, she
returned to Northwestern as a postdoctoral fellow at the Simpson Querrey Institute for BioNanotechnology focusing
on self-assembling nanomaterials for regenerative medicine. In September 2009, she started her tenure-track faculty
position with a joint appointment in the Departments of MSE and Surgery at Northwestern. Her research involves the
development and characterization of new functional material inks that that are compatible with room temperature
extrusion based 3D printing for both biomedical (e.g. complex tissue and organ engineering) and non-biomedical (e.g.
energy and advanced structural) applications. Her group also focuses on understanding how 3D material ink processes
and composition influence printability, as well as the properties and functionality of the resulting 3D-printed
constructs. Her work has been published in various high impact journals, as well as featured in Crain’s Chicago
Business Magazine (40 Under 40) and other major national and international media outlets.
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GEORGE M. PHARR
Professor
TEES Distinguished Research Professor
Department of Materials Science and
Engineering
Texas A&M University

Tuesday, February 21st
4:00 PM, Tech L211
Measurement of Power Law Creep Parameters by Nanoindentation
Over the past decade, great progress has been made in making small-scale mechanical
property measurements by nanoindentation at elevated temperatures; in fact, several systems for doing so
are now commercially available. These advances have paved the way for studying and measuring the
material parameters that describe power law creep behavior, e.g., the stress exponent for creep, n, and the
activation energy for creep, Qc, using small-scale experiments. The ability to make such
measurements with nanoindentation provides for high point-to-point spatial mapping as well as the
characterization of thin films and thin surface layers. However, serious experimental difficulties are
encountered in making such measurements, particularly those associated with thermal drift, and how one
converts the data obtained in nanoindentation testing to the parameters used to characterize uniaxial
creep is not at all straightforward. In this presentation, we discuss recent progress in making
meaningful measurements of power law creep parameters by nanoindentation. Special attention is given to
the models and data analysis procedures needed to convert nanoindentation load-displacement-time data to
the parameters normally measured in uniaxial tension or compression tests. * Research sponsored in part by
the National Science Foundation under grant number DMR-1427812.
Bio: George M. Pharr is TEES Distinguished Research Professor in the Department of Materials Science
and at Texas A&M University, College Station, TX. He received his BS in Mechanical Engineering at Rice
University in 1975 and Ph.D. in Materials Science and Engineering from Stanford in 1979. After one
year of postdoctoral study at the University of Cambridge, England, he returned to Rice in 1980 as a faculty
member in the Department of Mechanical Engineering and Materials Science. In 1998, he moved to the
Department of Materials Science and Engineering at the University of Tennessee (UT), where he served
as Chancellor's Professor and McKamey Professor of Engineering. While at UT, he also held a Joint
Faculty Appointment at the Oak Ridge National Laboratory (ORNL). He was Head of the UT Materials
Science and Engineering Department during 2006-2011 and Director of the UT/ORNL Joint Institute for
Advanced Materials from 2009 to 2016. He moved to his current position at Texas A&M in January 2017 as
part of the Texas Governor's University Research Initiative. Dr. Pharr received ASM International’s
Bradley Stoughton Award for Young Teachers of Metallurgy in 1985. His honors also include the Amoco
Award for Superior Teaching at Rice University in 1994, a Humboldt Senior Scientist Award in 2007,
the Materials Research Society's inaugural Innovation in Materials Characterization Award in 2010, and
the University of Tennessee Macebearer Award in 2015. He is a member of the National Academy of
Engineering (2014) and a Fellow of ASM International (1995), the Materials Research Society (2012), and
TMS (2016). Dr. Pharr has been an Associate Editor of the Journal of the American Ceramic Society
since 1990 and Principal Editor of the Journal of Materials Research since 2012. He is an author or coauthor of more than 200 scientific publications, including 4 book chapters. His research focuses on
mechanisms of plasticity and fracture in solids, especially at small scales.
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Josh Robinson
Associate Professor
Materials Science and Engineering
Pennsylvania State University
Tuesday, January 10th
4:00PM, Tech L211
Going Big in Two-Dimensions
The last decade has seen nearly exponential growth in the science and technology of twodimensional materials. Beyond graphene, there is a huge variety of layered materials that range
in properties from insulating to superconducting. Furthermore, heterogeneous stacking of
2D materials also allows for additional “dimensionality” for band structure engineering. In
this talk, I will discuss recent breakthroughs in two-dimensional atomic layer synthesis and
properties, including novel 2D heterostructures and novel 2D nitrides. Our recent works include
development of an understanding of substrate impact on 2D layer growth and how we can tune the
substrate to acheive near-single crystal 2D materials over large areas. I will also dsicuss doping
of 2D materials with magentic elements, selective area synthesis of 2D materials, and the first
demonstration of 2D gallium nitride (2D-GaN). Our work and the work of our collaborators
has lead to a better understanding of how substrate not only impacts 2D crystal quality, but
also doping efficiency in 2D materials, and stabalization of nitrides at their quantum limit.
Bio: Dr. Robinson obtained his B.S. degree in Physics with minors in Chemistry and
Mathematics from Towson University in 2001. He received his doctorate degree from The
Pennsylvania State University in Materials Science and Engineering in 2005. In 2012, he joined
the Penn State Materials Science and Engineering Department as an Assistant Professor. In 2013,
he co-founded the Center for Two-Dimensional and Layered Materials, and currently serves as
Associate Director of the Center. In July 2015, he became Co-Director of the NSF I/UCRC
Center for Atomically Thin Multifunctional Coatings (ATOMIC), and most recently, in 2016, he
became the Director of User Programs for the NSF-funded 2D Crystal Consortium. He has
authored or co-authored over 100 peer reviewed journal publications with a significant focus on
low dimensional electronic materials. He has patents on chemical and neutron detection, and
various pending patents related to 2D materials.

Paul Evans
Professor
Materials Science & Engineering
University of Wisconsin – Madison

Tuesday, February 14th
4:00pm, Tech L211

Exploiting X-Ray Coherence in Nanomaterials Science
The development of novel functional materials presents a series of characterization challenges,
particularly in understanding how to employ the relationship between structural parameters and
functional properties such as ferroelectricity and magnetism. X-ray scattering methods based on
diffraction, scattering, and spectroscopy have in the past provided structural insight into large and
static ensembles of nanomaterials but have had limited applicability to individual nanostructures
or to non-equilibrium conditions. The rapid development of x-ray sources with improved x-ray
optical coherence now makes it possible to probe nanomaterials under a much wider range of
conditions, including transient far-from-equilibrium states and the structure and properties of
individual 10-nm-scale nanostructures. My group’s research emphasizes the development and
application of these advanced x-ray scattering methods. In this talk I will first describe x-ray
nanobeam techniques enabled by x-ray coherence and the application of these tools to challenging
problems in the structure of materials for quantum electronic devices. Recent developments in the
forward simulations of diffraction experiments, including both coherent scattering and dynamical
diffraction phenomena, provide a guide to the interpretation of experimental data. Coherence has
likewise enabled us to probe the dynamics of equilibrium fluctuations in ferroelectric
nanomaterials and of non-equilibrium states in ferroelectric and multiferroics reached by
transient optical or electric-field excitation. By combining nanobeam techniques with
time-resolved scattering we have discovered that both optical and electrical excitation leads
to large lattice distortions and to structural phase transformations that promise new ways to
control electronic and magnetic properties.
Bio: Paul Evans is a Professor in Materials Science and Engineering at the University of
Wisconsin-Madison, where his research interests are at the intersection of the development of
electronic materials and the creation and application of novel methods in x-ray science. Before
moving to the University of Wisconsin in 2002, Evans received his doctorate in Applied Physics
in from Harvard University in 2000 and spent two years as a postdoctoral research in the Physical
Sciences Research Division at Bell Laboratories. His professional activities have included
advisory roles at several synchrotron light sources and an extended sabbatical visit to the European
Synchrotron Radiation Facility.
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Shu Yang
Professor
Materials Science & Engineering and
Chemical & Biomolecular Engineering
University of Pennsylvania
March 7, 2017
4:00PM, Tech L211
Foldable and Responsive Soft Metamaterials
Materials that can expand and collapse, fold, and transform into a variety shapes have attracted
significant interest and have obvious applications in flexible electronics, color displays, smart
windows, actuators, sensors, and both photonic and phononic devices. But how can we render a
rigid device super-flexible so that it can wrap around a sphere without bending and stretching?
How can flat surfaces be transformed into any desired 3D structure without disruptive stretching and
deformation?
In my talk, I will show several examples how we introduce holes and cuts in periodically structured
materials, so called metamaterials, exhibiting dramatic shape change (e.g. ~800% areal expansion) and
super-conformability via expanding or collapsing of the periodic hole arrays without
deforming individual lattice units. When choosing the cuts and geometry correctly, we show
folding into the third dimension, known as kirigami. The kirigami structures can be rendered
pluripotent, that is changing into different 3D structures from the same 2D sheet. We then preprogram the buckling direction and curvatures by introducing notches on existing kirigami
structures or by embedding cues in surface patterns of liquid crystal elastomers with internal
strains. Lastly, I will show our initial success in additive manufacturing toward textile based selffolding devices.
Bio: Shu Yang is a Professor in the Departments of Materials Science & Engineering, and Chemical &
Biomolecular Engineering at University of Pennsylvania, and Director of Center for Analyzing
Evolved Structures as Optimized Products (AESOP): Science and Engineering for the Human Habitat. Her
group is interested in synthesis, fabrication and assembly of polymers, liquid crystals, and colloids with
precisely controlled size, shape, and geometry; investigating the dynamic tuning of their sizes and
structures, and the resulting unique optical, mechanical and surface/interface properties. Yang received her
B.S. degree from Fudan University, China in 1992, and Ph. D. degree from Chemistry and Chemical
Biology while researching in the Department of Materials Science and Engineering at Cornell University in
1999. She worked at Bell Laboratories, Lucent Technologies as a Member of Technical Staff before
joining Penn in 2004. She received George H. Heilmeier Faculty Award for Excellence in Research from
Penn Engineering (2015-2016). She is elected as Fellow of National Academy of Inventors (2014) and
TR100 as one of the world’s top 100 young innovators under age of 35 by MIT's Technology Review
(2004). She was a recipient of ICI (1999) and Unilever (2001) student awards from American Chemical
Society (ACS) for outstanding research in polymer science and engineering
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Sinan Keten
Associate Professor
Civil & Environmental
Engineering and Mechanical
Engineering
Northwestern University
Tuesday, January 17th
4:00pm, Tech L211
Understanding Nanoconfinement and Nanoscale Interfaces in Polymer Nanocomposites
Natural and engineered structural (load-bearing) polymer nanocomposites often try to exploit
microphases that are confined in nanoscale dimensions to achieve remarkable mechanical
properties. However, the dynamic properties of these materials depend strongly on both the
chemistry of the interfaces and the microstructure of the material system, which complicates their design.
In this talk, a new computational materials-by-design approach based on coarse-grained molecular
simulations for understanding physical phenomena occurring at such disparate scales. I will discuss several
cases where the coupling between nanostructure and chemical structure will lead to intriguing features,
such as polymers with similar bulk properties exhibiting contrasting glass-formation behavior under
nanoconfinement in thin films. Drawing an analogy between thin films and nanocomposites, I will
illustrate how understanding thin film simulations help us design better load-bearing nanocomposites with
multi-layer graphene and nanocellulose fillers. I will conclude with an outlook on impact tolerant
polymer nanocomposites and tough interfaces inspired from biological systems.
Bio: Sinan Keten is an Associate Professor of Civil & Environmental Engineering and Mechanical
Engineering at Northwestern University. He joined Northwestern University faculty in 2010 after
obtaining his Ph.D. from MIT. His research expertise is on computational materials science and
mechanics with an emphasis on polymer nanocomposites and biomolecular materials. He has 73
publications in reputable interdisciplinary journals including Nature Materials, Nature
Communications, ACS Nano and Nano Letters. He has received the Office of Naval Research (ONR)
Young Investigator Program (YIP) Award in 2015 and ONR Director of Research Early Career Award in
2016. He became a Fellow of the American Physical Society in 2016 and has received other recognitions
from the American Society of Mechanical Engineers (ASME) and the Materials Research Society (MRS).
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Professor Yury Gogotsi- January 24,2017

Contact: Molli Connell: 847-491-3533 or Meghan Gelecke: 847-491-7785
TIME

MEETING

CONTACT/LOCATION

8:30am – 10am

Breakfast with Jiaxing Huang - meet in lobby

Orrington Hotel

10:00am – 10:30am

will escort the guest speaker to the next meeting

10:30am – 11:00am

Please escort the guest speaker to the next meeting

11:00am – 11:30pm
11:30pm – 12:00pm
12:00pm – 1:00pm

Professor Mark Hersam

Professor Bruce Wessels

Professor Chris Wolverton

Cook 4039, 1-3219

Please escort the guest speaker to the next meeting

Cook 3013A, 7-0593

Professor Jeff Snyder

Cook 3033, 1-2444

Lunch with Snyder, Haile, Lauhon

Cohen Commons

Please escort the guest speaker to the next meeting
Please escort the guest speaker to the next meeting

Professor Sossina Haile

1:00pm – 1:30pm

Please escort the guest speaker to the next meeting

1:30pm – 2:00pm

Please escort the guest speaker to the next meeting

2:00pm – 2:30pm

Cook 1135, 1-2696

Michael Yeung

Professor Mercouri Kanatzidis

Please escort the guest speaker to the next meeting

Cook 1017A, 1-3197
Tech GG35, 1-3505
Tech K258, 7-1541

Professor Michael Bedzyk

Cook 1139, 1-3570

3:00pm- 3:30pm

Professor David Seidman

Cook 1013A, 1-4931

3:30pm-4:00pm

Professor Erik Luijten

Cook 2045, 1-4097

Two-Dimensional Carbides and Nitrides Expand the Flatlands

Tech L211

Dinner with Jiaxing Huang,

Restaurant

2:30pm – 3:00pm

Please escort the guest speaker to the next meeting

Please escort the guest speaker to the next meeting
............................................................................................................................................................................................................................................

4:00pm-5:00pm
6:00pm
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Suveen Mathaudhu
Professor
Materials Science & Engineering and
Mechanical Engineering
University of California, Riverside
Tuesday, February 7
4:00PM, Tech L211
Fighting Entropy: Strategies for Retention of Nanostructured Material Performance
Nanostructured and nanocomposite materials have garnered tremendous interest over the
past two decades due to their impressive increases in physical and functional properties over
their course-grained counterparts. Laboratory-scale properties have forecast revolutionary
performance in a wide breath of technological applications, however advancement has
largely been limited by the relative instability of the nanostructured features and phases at
the elevated temperatures and pressures needed for manufacturing and fabrication. In this
lecture, strategies that incorporate new predictive theoretical and computational approaches,
advanced processing and characterization tools for “top-down” and “bottom-up” processing
of ultrahigh strength nanostructured/nanocomposite Cu and Mg-alloys will be presented.
From these cases, we will target and distill some key emerging areas of scientific and
technological opportunity for overcoming the daunting challenges that thermodynamic
equilibrium presents us with, and that will enable the creation of bulk engineered structural
materials with stable, tailored nanostructured features.
Bio: Suveen Mathaudhu serves as an Assistant Professor in the Mechanical Engineering
Department and Materials Science and Engineering Program at UC Riverside, where he
studies the underpinning mechanisms that will make metallic materials and composites
lighter and stronger. He concurrently has a joint appointment as Chief Scientist at the Pacific
Northwest National Laboratory in the Energy and Environment Directorate. He received his
Ph.D. in Mechanical Engineering from Texas A&M University in 2006. There, he studied
processing methods to produce bulk nanocrystalline and metastable metals for structural and
defense applications. He subsequently served as an ORISE post-doctoral Fellow and then a
Staff Scientist at the U.S. Army Research Laboratory from 2006-2010. From 2010 - 2014, he
was the Program Manager for the Synthesis and Processing of Materials at the U.S. Army
Research Office, and also, an Adjunct Assistant Professor in the Materials Science and
Engineering Department at North Carolina State University. He is active in several technical
societies, and frequently speaks and writes on science of superheroes as a broad STEM
outreach tool.
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Tai-Gang Nieh

Professor
Materials Science and Engineering
University of Tennessee

Tuesday, November 1st, 2016
4:00pm, Tech L361
High entropy alloys and how to strengthen them

In this presentation, I will first give a brief overview of the recent development of high-entropy alloys
and, then, discuss and summarize different traditional strengthening mechanisms that have been
observed in high-entropy alloys. Some of these mechanisms are useful for low-temperature and some
for high-temperature applications. Special emphasis is placed on the perspective of developing
precipitation-hardened alloys for both low and high temperature applications. Examples of coherent
precipitates strengthened fcc-base alloys, such as Al and Ti-modified NiFeCoCr, will be given.
Microstructure-wise, these precipitation-hardened alloys, in fact, bear great resemblance to the wellknown γ-γ’ Ni-base superalloys. Aging response as well as strengthening of this alloy will be
presented. Finally, if time permits, I will discuss the intrinsic strength (or frictional stress) resulting
from lattice distortion induced by the uniform distribution of concentrated constituent elements. The
measurements of intrinsic strength will correct the misuse of traditional solid-solution theory for the
explanation of the apparent high strength in high-entropy alloys.
Biography: Dr. T.G. Nieh is currently a professor in Department of Materials Science and
Engineering at The University of Tennessee. From 1980 to 1992, he worked at Lockheed Missiles and
Space Co. (now Lockheed-Martin Corporation) as a Senior Fellow of Research Laboratory. He
subsequently worked at Lawrence Livermore National Laboratory as a Senior Research Fellow until he
joined UT in 2004. Nieh is a world leader in superplasticity and superplastic forming. He is also
widely recognized for his work in several material science disciplines, including multicomponent
complex alloys (including high entropy alloys and bulk metallic glasses), nanocrystalline materials,
lightweight alloys, metal-matrix composites, intermetallics, refractory metals and nanolaminates. He
published over 400 papers and a textbook on “Superplasticity of metals and ceramics’. He is now
serving as Editor-in-Chief, Journal of Intermetallics., has served as Editor, Materials Letters,
2008-2013. Nieh received the Ph.D. degree in Materials Science and Engineering from Stanford
University, the M.S. degree in Physics from University of Washington, Seattle, and the B.S. degree in
Physics from National Cheng-Kung University in Taiwan.
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Wei Chen
Assistant Professor
Department of Mechanical, Materials
and Aerospace Engineering
Illinois Institute of Technology

Tuesday, May 9th
4:00pm, Tech L361

Data-driven Accelerated Materials Discovery with
High-throughput Computing and Statistical Learning
Accelerating the discovery of advanced materials is essential for sustainable development
and manufacturing innovation. In the talk, I will discuss how the integration of highthroughput computing and modern statistical learning can help uncover the missing piece
for accelerated materials design. Overviews of high-throughput projects will be given to
illustrate the power of autonomous computing workflows in mapping the tensor properties
of inorganic materials. Specifically, I will talk about the development of a comprehensive
database of elastic tensors and its contribution to the discovery of a new class of
thermoelectric materials. In combination with a newly developed statistical learning
framework, the elasticity database has been leveraged to design superhard materials and
explore high-entropy alloys. The ability to quantify how microscale parameters affect the
macroscale material properties marks an important step towards the ab initio prediction of
material design rules. Moving beyond bulk phenomena of materials, the surface property is
the new frontier for high-throughput materials research. I will introduce a recent effort in
applying high-throughput surface calculations in the discovery of low-band-gap
photoelectrocatalytic materials for direct fuel generation from sunlight. Twelve new water
oxidation photoelectrocatalysts have been identified from computations and verified by
experiments.
Bio: Wei Chen obtained his BSc in Materials Science and Engineering from Shanghai Jiao Tong
University and PhD in Materials from Northwestern University with Prof. Chris Wolverton. He was
a postdoctoral fellow at Lawrence Berkeley National Laboratory working with Dr. Kristin Persson
between 2012 and 2015. At LBNL, he was the primary contributor to the Materials Project,
spearheading the development of major computational databases in elastic, piezoelectric, dielectric
and transport properties of materials. He joined Illinois Institute of Technology in 2015 as an
Assistant Professor in the Department of Mechanical, Materials and Aerospace Engineering. His
work focuses on the integration of theory, computation and statistical learning to accelerate
materials discovery and design.
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Darrell Irvine
Professor
Biological Engineering, Materials Science and Engineering
Koch Institute for integrative Cancer Research, MIT

Tuesday, May 23rd
4:00pm, Tech L361
Engineering immunity against infectious disease and cancer via new nanomaterials
Our laboratory focuses on applying principles from engineering and technologies from materials science, chemistry,
and bioengineering to develop new approaches to study the immune system, create new diagnostics, and create next
generation vaccines and cancer immunotherapies. Three vignettes of approaches we have explored spanning
infectious disease, vaccines, and cancer immunotherapy will be presented. Gold nanoparticles have been
extensively studied as nanomaterials for drug delivery and diagnostics. We have recently studied the in vivo
behavior of a particular class of organic ligand-protected gold nanoparticles, which are capable of sequestering
hydrophobic drugs and cell penetrating behavior. A novel approach for tracking gold nanoparticles in vivo using
single cell mass cytometry will be described, as well as the application of the these nanomaterials as antibiotic
delivery agents to block the lethal dissemination of bacterial infections. We have also developed strategies to
enhanced vaccines and immunotherapy based on two different approaches to the design of “hitchhiking”
therapeutics: First, an approach to enhance adoptive cell therapy (ACT) for cancer will be described. ACT using
patient-derived tumor-specific T-cells is a promising approach for cancer treatment, but strategies to enhance ACT
T-cell functionality in vivo are needed. We developed a strategy combining nanomedicine with ACT, based on the
chemical conjugation of drug-loaded nanoparticles (NPs) as synthetic “backpacks” to the surfaces of live
lymphocytes for ACT. Second, a novel strategy for targeting antigens and immunostimulatory agents to lymph
nodes will be described, based on the design of albumin-binding amphiphiles-peptides and amphiphile-adjuvants.
These “albumin-hitchhiking” amphiphiles were efficiently delivered to lymph nodes following injection, leading to
as much as 30-fold amplified cellular immune responses and anti-tumor immunity. In ongoing preclinical studies,
we have discovered combination immunotherapies that leverage these very potent engineered peptide vaccines to
eradicate established immunosuppressive tumors in a majority of treated animals, providing proof of concept that
the endogenous immune system is capable of eliminating large established tumors. These examples illustrate the
power of bioengineering approaches in shaping the immune response and studying immune cell biology.
Bio: Darrell Irvine, Ph.D., is a Professor at the Massachusetts Institute of Technology and an Investigator of the
Howard Hughes Medical Institute. He also serves on the steering committee of the Ragon Institute of MGH, MIT, and
Harvard. His research is focused on the application of engineering tools to problems in cellular immunology and the
development of new materials for vaccine and drug delivery. Current efforts are focused on problems related to
vaccine development for HIV and and immunotherapy of cancer. Dr. Irvine’s work has been recognized by numerous
awards, including a Beckman Young Investigator award, an NSF CAREER award, selection for Technology Review’s
‘TR35’, election as a Fellow of the Biomedical Engineering Society, election as a fellow of the American Institute for
Medical and Biological Engineering, and appointment as an investigator of the Howard Hughes Medical Institute. He
is the author of over 100 publications, reviews, and book chapters and an inventor on numerous patents.
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David Cobden
Professor

Department of Physics
University of Washington

Tuesday, April 25th
4:00pm, Tech L361
Electronic Phases and Phase Transitions in Van der Waals Monolayers
Atomically thin materials can host many kinds of electronic ground states, some
unique to the 2D limit. Unlike 3D materials, they can be electrostatically doped, and
can be studied with surface probes. Our observations indicate realization of a quantum
spin Hall state, an excitonic insulator, superconductivity, and ferromagnetism in van der
Waals monolayers. We attempt to induce transitions between these phases
electrostatically. In the case of WTe2 monolayers, we observe a transition between a
strongly correlated topological insulator and a metallic state as a function of gate voltage
at low temperatures. This may be an example of a gate-controlled quantum phase
transition.
Bio: David Cobden is a Professor of Physics at the University of Washington. He
got his PhD from Cambridge, UK, and was a Marie-Curie Fellow at the
Niels Bohr Institute in Copenhagen and then faculty at the University of
Warwick before moving to Seattle in 2002. He became a Fellow of the
American Physical Society in 2015. His interests include electrical transport in
low-dimensional systems, phase transitions in nanostructures, and various
microscopy techniques. Some of the topics he has worked on are the quantum Hall
effect, carbon nanotubes and graphene, quantum dots, electron-electron
correlation effects, the metal-insulator transition in vanadium dioxide, and the
transport and optical properties of van der Waals layered semimetals and
semiconductors.
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COHEN Lecture

David A. Muller
Professor

Applied and Engineering Physics
Cornell University

Tuesday, May 30th

4:00pm, Pancoe -Abbott Auditorium
Reception to follow in Willens Wing

New Science Enabled by Measuring the Probability Current Flow of an
Atomic-Scale Electron Beam
Complete information about the scattering potential of a sample is in principle encoded in the
distribution of scattered electrons from a localized beam propagating through it. A new
generation of high-speed, momentum-resolved electron microscope detectors brings us closer
to realizing this general goal and in doing so enable new imaging modes spanning sub-Angstrom
to multi-micron length scales. This enables not only measurements of probability current flow that
can be used to map electric and magnetic fields at high spatial resolution, but also the orbital
angular momentum of an electron beam to record torque transfer. We apply these methods and a
new high-dynamic range detector developed at Cornell to imaging arrays of ferroelectric
polarization vortices in
PbTiO3/SrTiO3 superlattices. From the asymmetry in probability
current flow, we show the vortices are chiral, with a non-trivial axial component. The detector
has also proved useful for a wide range of quantitative applications including the imaging of
strain fields in 2D materials, high-dose-efficiency biological imaging, and super-resolution
imaging by ptychography.

Bio: David Muller is a professor of Applied and Engineering Physics at Cornell University, and
the co-director of the Kavli Institute at Cornell for Nanoscale Science. He is a graduate of the
University of Sydney, received a PhD from Cornell University and worked as a member of the
technical staff at Bell Labs for six years before returning as faculty to Cornell. His current research
interests include the development of a new generation of high-speed imaging electron detectors, and
the atomic-scale control and characterization of matter for applications in energy storage and
conversion.
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COHEN Lecture

David A. Muller
Professor

Applied and Engineering Physics
Cornell University

Wednesday, May 31St
4:00pm
Panoce - Abbott Auditorium
Nanoscale Imaging of Structure and Ion Distributions during
Electrochemical Cycling by Electron Microscopy
Much of what we know about the structure-property relationships of energy conversion and storage materials
during their operation is inferred indirectly through bulk measurements or post-mortem studies. To
observe electrochemical processes in their native environment on the nanometer scale, we developed a
liquid cell incorporating electrodes on the viewing membrane in a transmission electron microscope
[1,2]. This geometry allows us to image the microstructure of an electrode, in liquid and under bias,
and further perform spatially-resolved spectroscopy to determine composition and bonding. Using
this cell, we have studied the degradation and coarsening of Pt/Co fuel cell cathode electrocatalysts
during electrochemical cycling. We also show how valence electron energy-loss spectroscopy (EELS)
can be used to observe the lithiation and delithiation dynamics of individual LiFePO4 nanoparticles, as
well as the lithium ion distribution in the liquid using energy-filtered transmission electron microscopy
(EFTEM). We also consider fundamental limits on this imaging approach imposed by the liquid
thickness and maximum allowable beam dose.These studies are supplemented by an air-operational
scanning electron microscope (airSEM) that leaves the sample outside of vacuum – in air or liquid [3].
The sample can be placed on a simple optical microscope slide or even the surface of a liquid. The
spatial resolution is 5-10 nm, and the absence of a specimen vacuum chamber simplifies the construction
of custom detectors, liquid and electrochemical cells [4].
[1]
M. E. Holtz, Y. Yu, J. Gao, H. D. Abruña, and D. A. Muller, "In Situ Electron Energy-Loss Spectroscopy in Liquids". Microscopy and Microanalysis 19,
1027-1035 (2013)
[2]
M. E. Holtz, Y. Yu, D. Gunceler, J. Gao, R. Sundararaman, K. A. Schwarz, T. A. Arias, H. D. Abruña, and D. A. Muller, "Nanoscale Imaging of Lithium Ion
Distribution During In Situ Operation of Battery Electrode and Electrolyte". Nano Letters 14, 1453-1459 (2014).
[3]
K. X. Nguyen, M. E. Holtz, J. Richmond-Decker, and D. A. Muller, "Spatial Resolution in Scanning Electron Microscopy and Scanning Transmission
Electron Microscopy Without a Specimen Vacuum Chamber". Microscopy and Microanalysis 22, 754-767 (2016).
[4] In collaboration with Elliot Padget, Megan Holtz, Yingchao Yu, Kayla Nguyen, Barnaby Levin and Héctor D. Abruña

Bio: David Muller is a professor of Applied and Engineering Physics at Cornell University, and the co-

director of the Kavli Institute at Cornell for Nanoscale Science. He is a graduate of the University of
Sydney, received a PhD from Cornell University and worked as a member of the technical staff at Bell
Labs for six years before returning as faculty to Cornell. His current research interests include the
development of a new generation of high-speed imaging electron detectors, and the atomic-scale control
and characterization of matter for applications in energy storage and conversion.
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DOW Lecture

Paula Hammond
David H. Koch Chair Professor of Engineering
Department Head, Department of Chemical Engineering
Massachusetts Institute of Technology

Tuesday, May 2nd
4:00pm, Tech L361
Reception to follow in Willens Wing
Nanolayered Drug Release Systems for Regenerative Medicine and
Targeted Nanotherapies

Alternating electrostatic assembly is a tool that makes it possible to create ultrathin film coatings that contain
highly controlled quantities of one or more therapeutic molecules within a singular construct. These release
systems greatly exceed the usual ranges of traditional degradable polymers, ranging from 10 to as high as 40
wt% drug loading within the film. The nature of the layering process enables the incorporation of different
drugs within different regions of the thin film architecture; the result is an ability to uniquely tailor both
the independent release profiles of each therapeutic, and the order of release of these molecules to the
targeted region of the body. We demonstrate the use of this approach to release or present signaling
molecules such as growth factors and siRNA and DNA to regulate genes to facilitate tissue regeneration insitu, address soft tissue wound healing, deliver vaccines from microneedle surfaces, or administer
targeted nanotherapies that are highly synergistic for cancer treatments. New developments in targeted
cancer therapies for ovarian, lung and brain cancers will be addressed. Translation of these concepts to
nanomaterials design for the penetration of difficult physiological barriers, including cartilage
penetration for osteoarthritis, will be described.
Bio: Professor Paula T. Hammond is the David H. Koch Chair Professor of Engineering and the Department
Head of the Chemical Engineering Department at the Massachusetts Institute of Technology, as well as
a member of MIT’s Koch Institute for Integrative Cancer Research. Her research in nanotechnology
encompasses the development of new biomaterials to enable drug delivery from surfaces with spatial and
temporal control. She investigates novel responsive polymers for targeted nanoparticle drug and gene delivery.
Professor Hammond was elected into the 2013 Class of the American Academy of Arts and Sciences. She is also
the recipient of the 2013 AIChE Charles M. A. Stine Award, which is bestowed annually to a leading
researcher in recognition of outstanding contributions to the field of materials science and engineering, the AIChE
Alpha Chi Sigma Award for Chemical Engineering Research and the Department of Defense Ovarian Cancer
Teal Innovator Award. Prof. Hammond is an Associate Editor of the American Chemical Society journal, ACS
Nano.
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Richard Leapman
National Institute of Biomedical Imaging
and Bioengineering,
National Institutes of Health

Tuesday, March 28th
4:00pm, Tech L361
Imaging tissues, cells and nanoparticles in 3-D with electron probes
Scanned electron probes can be used to characterize inorganic, organic and biological structures, as well as the
interfaces between them in 3-D at the nanoscale. Here, we illustrate the application of scanning transmission
electron microscopy (STEM), electron energy loss spectroscopy (EELS), electron tomography (ET), and
serial block face scanning electron microscopy (SBF-SEM) to study tissues, cells, and bionanoparticles. The
use of focused probes offers important advantages for determining 3-D cellular architecture since it is possible
to optimise signals generated by the interaction between the incoming electrons and the specimen. In
particular, axial bright-field STEM-tomography, and serial block face SEM are proving valuable for
quantitative 3-D ultrastructural analysis of cells and tissues. For example, we have applied these approaches
quantitatively to study ultrastructural changes that occur in blood platelets when they are activated, the
arrangement of organelles in homone-secreting cells in pancreatic islets of Langerhans, and the interface
between osteocytes and mineralised matrix in bone formation. The ability to synthesize multicomponent
hybrid nanocarriers with controlled architecture and chemical functionality offers great potential for
developing in vivo and ex vivo medical diagnostics and therapeutics. For example, we have used a
combination of STEM, EELS and ET to characterise plasmonic gold nanovesicles designed for photothermal
therapy, optical nanosensors that detect enzymes expressed by cancer cells, and nanocomplexes taken up by
stem cells as magnetic labels for MRI imaging.
Bio: Richard Leapman obtained his B.A. and M.A. degrees in Natural Sciences, and his Ph.D. in
physics from the University of Cambridge. He trained as a postdoctoral fellow in the Department of
Materials at the University of Oxford, and then under the mentorship of Prof. John Silcox in the
Department of Applied and Engineering Physics at Cornell University, where he contributed to the
development of electron spectroscopy for the nanoscale characterization of materials. Dr. Leapman
subsequently moved to NIH to develop methods based on scanning transmission electron microscopy
and electron spectroscopy to determine the structure and chemical composition of cells and
supramolecular assemblies. More recently, his group has developed techniques based on STEM
tomography for determining 3D ultrastructure in thick sections of cells, as well as serial block face
SEM approaches for determining nanoscale tissue architecture. Dr. Leapman received the Burton
Medal from the Microscopy Society of America, the Samuel Wesley Stratton Award from the
National Institute of Standards and Technology, and the Presidential Science Award from the
Microbeam Analysis Society.
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Robert Maass
Assistant Professor

Department of Materials Science and
Engineering, University of Illinois
Urbana-Champaign

Tuesday, April 11th
4:00pm, Tech L361
Universal and Non-universal Aspects of Plasticity in Microcrystals

Even though it was recognized almost 100 years ago that plasticity is discrete in both space and
time, deformation models were/are primarily based on homegnizing flow. Driven by novel
experimental techniques, intermittent plasticity has received renewed interest because it seems to have a
lot in common with entirely different physical processes, such has magnetic domain switching or earth
quakes. At the bulk scale, the signature of intermittent flow is generally not seen in stress-strain data, but it is
directly visible as strain-discontinuities in flow curves of small-scale crystals. Statistical
investigations of intermittent deformation reveal indicate scale-invariance, which is a paradigm shift
away from traditional concepts that homogenize plastic flow and rely on well-defined average quantities.
Many investigations have shown scale-free distributions of slip-size magnitudes that all seem to have the
same power-law exponent and therefore allow to place plasticity into a general universality class with many
other intermittently evolving systems. In this talk we will present recent observations made during
mechanical characterization that trace plastic instabilities in small-scale crystals in real time, allowing
to assess the underlying collective dislocation dynamics, that is dislocation avalanches. We will discuss
results from fcc and bcc single crystals, and in particular focus on slip-size magnitude distributions, their
involved time scales, slip-velocity distributions, and avalanche shapes. Assessing the avalanche velocityrelaxation reveals unexpected differences between lattice types, giving first insights into non-universal
aspects of plasticity. The experimental results are combined with dislocation dynamics simulations, and
compared to predictions from statistical physics. We further discuss the appearance and disappearance of
discrete plastic behavior at the small scale, and what implications this may have for macroscopic bulk
plasticity.
Bio: Robert Maaß received a triple diploma in Materials Science and Engineering from the
Institut National Polytechnique de Lorraine (INPL-EEIGM, France), Luleå Technical University
(Sweden) and Saarland University (Germany) in 2005. In 2009, he obtained his PhD from the
Materials Science Department at the École Polytechnique Fédérale de Lausanne (EPFL) in
Switzerland. During his doctoral work, Robert designed and built an in-situ micro-compression
set-up that he used to study small-scale plasticity with time-resolved Laue diffraction at the
Swiss Light Source. From 2009-2011 he worked as a postdoctoral researcher at the Swiss
Federal Institute of Technology (ETH Zurich) on plasticity of metallic glasses. Subsequently, he
joined the California Institute of Technology as an Alexander von Humboldt postdoctoral
scholar to continue his research on plasticity of metals. He joined the faculty of the University of
Illinois at Urbana-Champaign as Assistant Professor of Materials Science and Engineering in 2015.
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