
Introduction & History
The Center for Nanoscale Science exploits 
unique capabilities at Penn State and partner 
institutions in materials synthesis, fabrication,  
and assembly, physical property measure-
ments, computation and theory to make and 
organize nano-materials in configurations that 
can attain new regimes of properties and 
functionality. Interdisciplinary teams attack 
problems in strain and layer enabled multifer-
roics, powered nano-scale motion, the behav-
ior of electrons in one-dimensional materials, 
and the control of light in nanostructures,  
Center activities involve forty eight students 
and post-doctoral fellows, thirty nine faculty 
from nine academic departments, and a num-
ber of external academic and industrial part-
ners.
The Center was established in 2000 as a sin-
gle Interdisciplinary Research Group, Center 
for Collective Phenomena in Restricted Geo-
metries (DMR 0080019). In 2002, the Center 
merged with a new MRSEC, Center for Mo-
lecular Nanofabrication and Devices (DMR 
0213623) comprising two IRGs: Chemically 
Advanced Nano-lithography (IRG1) and 
Nanoscale Motors (IRG2). The two MRSECs 
then merged. In 2004–05, the original IRG 
phased out its effort in fluids and polymers 
and split into IRG3 (Electrons in Confined 
Geometries) and IRG4 (Electromagnetically 
Coupled Nano-structures). In 2007, a new 
IRG on Strain Enabled Multiferroics, which 
grew from a seed project, was added as IRG5. 
In 2008,  the Center was competitively re-

newed as a four-IRG MRSEC (DMR 
0820404), in which Chemically Advanced 
Nanolithography phased out and Strain En-
abled Multiferroics became the new IRG1.

Currently, the four IRGs investigate emergent 
behavior of nanoscale systems with common 
themes of new materials synthesis and nano-
fabrication, theory-led design, and length 
scale-dependent physical phenomena. The 
scientific programs of the IRGs are comple-
mented by a highly competitive Seed pro-
gram. The Seed program has played a major 
role in the scientific evolution of the Center, 
supporting junior faculty and high risk pro-
jects.  Seed grants typically support 1 to 3 
graduate students over ~18 months. The Seed 
program leverages funding from the Penn 
State Materials Research Institute (MRI) the 
Huck Institutes for the Life Sciences, and the 
Penn State Institutes for Energy and the Envi-
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IRG1, Atomic Scale Design of Multiferro-
ics, focuses on new phenomena multifer-
roic materials in which two or more fer-
roic (ferroelectric, ferroelastic, magnetic) 
order parameters co-exist within a single 
material. Precise tuning is imparted by 
control of strain, layer stacking, gradients, 
and exploitation of roto symmetries. Our 
expertise spans from first principles and 
phase-field modeling predictions of new 
materials and phenomena, to synthesis, 
structural electrical, magnetic, and optical 
characterization, and prototype devices. 
Recently, the IRG has predicted and dis-
covered new metastable states of strong 
piezoelectric response, a strong spin-
phonon ferroelectric ferromagnetic, 
highly tunable dipole-spring ferroics, and 
other systems with new physical proper-
ties.



ronment. The Center has initiated a new IRG-
level Seed in 2011 on defect engineering in 
2D structures, in addition to reconfiguring 
each of the existing IRGs through a competi-
tive IRG Redirection Seed program.

Education & Outreach
During the past year, the MRSEC has contin-
ued to offer a range of educational outreach 
activities at the elementary, high school, col-
lege, and post-college levels. The majority of 
MRSEC faculty and graduate students have 
participated in at least one educational out-
reach program within the last year. These 
programs have reached approximately 3,000 
K-12 students, 5 K-12 teachers, 18 under-
graduates, and 100,000 visitors to science 
museums over the past year. The Center’s K-
12 programs increase interest in science and 
build confidence, with special attention to-
wards including girls and under-represented 
minority children.  

In collaboration with the Franklin Institute, 
the Center deployed a fourth museum kit/
show focussing on energy materials, and has 
begun development of a fifth kit/show. In ad-
dition, through the Franklin’s partnership with 
the Science Leadership Academy, a science 
magnet school in Philadelphia, the MRSEC 
recruits high school students into our Science 
Leadership summer camp. 
The MRSEC has increasingly served as a hub 
K-12 outreach activities at Penn State.  The 
Center has continued to develop content, pro-
vide staff support, and support scholarships 
for members of under-represented groups to 
attend summer science camps through the 
Science-U program at Penn State. Two new 
camps were offered, and the Science Leader-
ship camp mentioned above expanded in its 
second year. 
The Center continues to foster active in-
volvement of undergraduates and high school 
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IRG3, Charge and Spin Transport in 
Quasi-1D Nanowires, brings together 
complementary expertise to explore new 
phenomena and critically examine issues 
related to charge and spin transport in 
quasi-1D metallic, superconducting, and 
magnetic nanowires and nanowire junc-
tions, phenomena that encompass low di-
mensional condensed matter physics, ma-
terials growth and processing, and device 
design and fabrication. 
Recently, the IRG has 
observed for the first 
time individual quan-
tum phase slip events 
in a one-dimensional superconductor. 
IRG3 is initiating a new thrust on ultra-
long quantum wires within optical fibers.

IRG2, Powered Motion at the Nanoscale, 
designs, fabricates, measures and models 
molecular and nanoscale motors to ad-
dress one of the grand challenges in sci-
ence and engineering, namely, to master 
energy transduction and information on 
the nano- and microscale to ultimately 
create new technological capabilities that 
rival those of living things.  The IRG syn-
thesizes and studies of a range of molecu-
lar and nanoparticle-based motors that are 
driven by external fields, acoustic energy, 
and chemical reactions. Recently, we have 
discovered that enzyme diffusion is en-
hanced in the presence of substrate and 
can chemotax up a gradient: this novel 
source of motility may be present across a 
diverse range of systems, including bio-
logical systems.



teachers through its REU/RET site, which is 
jointly run with the Penn State Physics De-
partment. Representation from women and 
minorities in the REU and RET programs 
continues to significantly exceed national 
benchmarks. Through its Diversity Commit-
tee, the Center joins forces with relevant de-
partments, colleges, and minority-focused 
organizations at Penn State in fostering ex-
change of faculty and recruiting graduate stu-
dents from minority-serving institutions.  The 
Center is continuing to benefit from mutual 
visits and scientific ties with partner minority-
serving institutions in Texas and Puerto Rico.  
The Center employs a number of postdoctoral 
fellows as researchers whose activities span 
several projects within the IRGs, and also as 

coordinators of education and outreach activi-
ties. The education-outreach postdocs are 
supported in multifaceted career-development 
activities, including teaching and proposal 
preparation.

Knowledge Transfer & Interna-
tional Collaborations
The outreach and knowledge transfer of the 
Center is driven primarily through research 
collaborations between its members with sci-
entists and engineers in industry and national 
laboratories.  One of the important vehicles 
for collaboration with industry is the 
MRSEC’s Industrial Affiliates Program, now 
in its fifth year, with corporate members who 
jointly support the work of students in the 
Center. Further research is supported by in-
dustrial consortia or in partnership with 
startup companies. In addition to research col-
laborations, MRSEC faculty play a leading 
role at Penn State in organizing industrial 
workshops, making presentations at work-
shops and conferences, and participating in 
industrial fellowships and internships. The 
MRSEC also hosts a number of visiting sci-
entists and is a strong component of the over-
all industrial/technology transfer infrastruc-
ture of the University. There is also strong 
international component to collaborative re-
search and outreach activities of the Center.

Management
The management structure centers around the 
Executive Committee, Director, Associate 
Director and the IRG leaders with well-
defined responsibilities as outlined in later 
sections. The Director reports regularly to the 
Executive Committee and the Vice President 
for Research, and consults with the directors 
of the Penn State Institutes (MRI, PSIEE, 
Huck). The Executive Committee meets 
about once a month, often after the Monday 
lunch seminars to discuss scientific progress 
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IRG4, Electromagnetically Coupled 
Nanostructures, integrates metals, semi-
conductors, and dielectrics on sub-
wavelength scales to access new optical 
and optoelectronic material properties and 
novel devices. Using high-
pressure fluid deposition 
(developed in the IRG), 
fiber pore arrays are filled 
by semiconductors and 
metals with nanometer-
scale precision over meter 
lengths, including the re-
cent fabrication of the first low-loss void-
free ZnSe fiber cores suitable for hosting 
transition metal dopants, an advance high-
lighted by Nature in early 2011. Planar 
metallo-dielectric nanostructures are 
modeled and fabricated to access novel E-
M scattering properties, including low, 
zero, and negative refractive index. The 
IRG has also begun to explore using high-
pressure synthesis techniques in the pla-
nar platform.



of the various projects, review requests for 
substantial resource allocation, and discuss 
optimal strategies to maintain constant growth 
and renewal of our research and outreach 
missions.  The Executive Committee oversaw 
the Seed review described earlier, and spear-
headed preparations for the NSF panel re-
view.
The Penn State MRSEC is advised by an ex-
ternal Advisory Board, which visits bi-
annually, alternating with NSF-appointed site 
visit teams. Since an NSF site visit occurred 
in Spring 2012, the composition of the most 
recent external review committee was deter-
mined by NSF. These annual reviews provide 
a valuable external assessment of the scien-
tific direction and administrative structure of 
the Center.   

Central Facilities Laboratory 
The MRSEC maintains a Central Facilities 
Laboratory, centrally located for easy access 
to all members of Center. The CFL has ac-
quired instrumentation to serve the research 
needs of the four IRGs, and its facilities dove-
tail with the more extensive facilities of the 
Penn State Materials Characterization Labo-
ratory (MCL).  
The Center receives supplemental funding 
from DMR as part of the Materials Research 
Facilities Network (MRFN) to support a one-
day characterization workshop and a summer 
faculty internship program that are intended 
to increase the participation of faculty and 
students from predominantly undergraduate 
and minority-serving institutions in the re-
gion. These activities leverage the full suite of 
characterization and fabrication tools avail-
able in the CFL and MCL.

Key Accomplishments 
Intellectual Merit. The Penn State MRSEC is 
pleased to report a number of exciting scien-

tific accomplishments within the past year. 
Space limits prevent a thorough summary 
here: please refer to the detailed writeups.  

 In the multiferroics project of IRG1, sev-
eral important discoveries were made. In re-
search on strain-enabled multiferroics in sim-
ple perovskites, the IRG team has further de-
veloped theory and experiment of a strong 
ferroelectric ferromagnet through spin-
phonon coupling, observed strain-enabled 
multiferroic phase transitions and discovered 
metastable states with large piezoelectric re-
sponse. In work on materials that are driven 
by layering, rotations and gradients, the team 
has found ferroic coupling in Ruddlesden-
Popper layered structures, fully coupled po-
larization and magnetism in hybrid improper 
multiferroics, polar structures from non-polar 
building blocks, and highly tunable dipole 
spring ferroics in layered structures

 IRG2 has developed the theory of chiral 
diffusion and applied it to understand the mo-
tion of nanorotors produced by the experi-
mental team.  Enhanced diffusion and chemo-
taxis have been demonstrated in two distinct 
enzyme systems, a new source of motility not 
previously recognized. A new motor free en-
ergy source has been developed: acoustically 
powered motors, at both the 100 micron and 1 
micron scales. De-polymerization powered 
pumps have been discovered/designed, and 
possible applications of nanopump mecha-
nisms to oil recovery are being explored with 
industrial partners.

 There have been several exciting ad-
vances in the area of charge and spin trans-
port in quasi-ID nanostructures in IRG3. The 
IRG has developed a new family of core/shell 
semiconductor/ferromagnet nanowires. Sig-
nificant progress towards identification of 
triplet superconductivity in cobalt/tungsten 
nanowire systems has been achieved. The 
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mechanism for the antiproximity effect has 
been clarified.  And the IRG has made to our 
knowledge the first direct observation of what 
appear to be individual quantum phase slips 
in one-dimensional superconductors. In pre-
liminary work, the IRG team has also now 
fabricated ultra long gallium nanowires 
within the pores of optical fibers (as part of 
their redirection).

 The Center has continued to make major 
advances in nanostructures grown in 
mesostructured optical fibers (MOFs) and 
planar metallodielectrics. The IRG team has 
successfully fabricated single-mode amor-
phous silicon optical fiber cores and demon-
strated all-optical signal processing. Tapered 
fibers filled with arrays of Ge nanowires have 
been developed into a near-field high resolu-
tion IR imager. Crystalline compound ZnSe 
in-fiber systems are being doped for use in 
high power tunable IR fiber lasers. p/n and 
metal-semiconductor junctions inside fibers 
are also being further developed. In the planar 
systems, the team has designed and fabricated 
dispersion engineered metamaterials for 
broad-band performance. Metal-free all-
dielectric zero index and perfect magnetic 
conductors have also been achieved. Target 
structures for future optically thick nanostruc-
tures have been developed for the future redi-
rection of this IRG.

Broader Impact.  The Center continues to 
serve as a hub for connecting students, post-
docs, and faculty at Penn State to a wide 
range of outreach educational and outreach 
activities.  The Center’s outreach targets the 
audience of many by engaging the comple-
mentary skills of partner institutions, such as 
the museum shows in partnership with the 
Franklin Institute. These museum shows at 
the Franklin and 24 partner science museums 
were estimated to reach over 110,000 partici-

pants in 2011. The Center’s outreach also tar-
gets the audience of one, through hands-on 
research experiences, summer camps, work-
shops, and local events that benefit both par-
ticipants and student mentors from the Center.  
In 2011, the fourth museum kit/show on re-
newable energy was distributed to partner 
science museums and the initial design of the 
fifth kit/show was initiated. Two successful 
summer camps  were delivered in 2011, one 
targeting a young demographic and another 
aimed at high-school students being groomed 
for future leadership roles (Science Leader-
ship Camp). The latter camp included a very 
successful evening mixer between the camp-
ers and MRSEC scientists at all levels. The 
Center continues to work energetically to in-
crease the participation of women and under-
represented minorities at all levels. At the K-
12 levels, diversity-focused activities in-
cluded the science leadership camp and 
guided inquiry summer laboratory experi-
ences for high school students from disadvan-
taged schools through the Upward Bound 
program. The Center’s REU program contin-
ues to be strongly diversity-focused, leverag-
ing partnerships with minority-serving institu-
tions in Puerto Rico, Texas, and Louisiana.
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2. List of Center Participants 
                User of 
Bioengineering       shared facilities 
Peter Butler   Center Affiliate Seed   yes 
 
Chemical Engineering 
Kyle Bishop   Center Affiliate Seed   yes 
Ali Borhan   Center Support IRG 2 & 4  yes 
Enrique Gomez  Center Support Seed   yes 
Darrell Velegol  Center Support IRG 2   yes 
 
Chemistry 
David Allara   Center Support IRG 4   yes 
John Asbury   Center Support Seed   yes 
John Badding   Center Support IRG 4    yes 
Jacqueline Bortiatynski Center Affiliate  Education Outreach no 
Lasse Jensen   Center Affiliate Seed   yes 
Thomas Mallouk  Center Support IRG 2, 3, & 4  yes 
Scott Phillips   Center Affiliate Seed   yes 
Ayusman Sen   Center Support IRG 2   yes 
Raymond Schaak  Center Support Seed   yes 
 
Electrical Engineering   
Suman Datta   Center Support IRG 4   yes 
Thomas Jackson  Center Affiliate Seed   yes 
I. C. Khoo   Center Support IRG 4   yes 
Zhiwen Liu   Center Support IRG 4   yes 
Theresa Mayer  Center Support IRG 3 & 4  yes 
Douglas Werner  Center Support IRG 4   yes 
 
Civil Engineering 
John Regan   Center Affiliate Seed   no 
 
Engineering Science and Mechanics 
Tony Jun Huang  Center Support IRG 2   yes 
 



Materials Science and Engineering 
Long-Qing Chen  Center Support IRG 1   yes 
Venkatraman Gopalan Center Support IRG 1, 4 & Seed yes 
Michael Hickner  Center Support Seed   yes 
Suzanne Mohney  Center Support IRG 3   yes 
Susan Trolier-McKinstry Center Support Seed   yes 
Joan Redwing   Center Support IRG 3   yes 
 
Physics  
Moses Chan   Center Support IRG 3   yes 
Vincent Crespi  Center Support IRG 2, 4 & Seed no 
Jainendra Jain   Center Support IRG 3   yes 
Ronald Redwing  Center Support Education Outreach yes 
Nitin Samarth   Center Support IRG 3   yes 
Peter Schiffer   Center Support IRG 1 & 3  yes 
Jorge Sofo   Center Support Seed   yes 
Jun Zhu   Center Support Seed   yes 
 
 
 
Jayatri Das (Education) Franklin Institute (Received Center Support in a subcontract) 
Steven Snyder (Education) Franklin Institute (Received Center Support in a subcontract) 
 
Craig Fennie (IRG 1) Cornell University (Received Center Support in a subcontract) 
 
Darrell Schlom (IRG 1) Cornell University (Received Center Support as a co-advisor of 2 
students working in IRG 1 with Long-Qing Chen) 
 
Xiaoqing Pan (IRG 1) University of Michigan (Received Center Support in a 
subcontract) 
 
Karin Rabe (IRG 1) Rutgers University (Received Center Support in a subcontract) 
 
Ramesh Ramamoorthy (IRG 1) UC Berkeley (Received Center Support in a subcontract)  
 
Kevin Kelly (IRG 2) Rice University (Received Center Support in a subcontract) 
James Tour (IRG 2) Rice University (Received Center Support in a subcontract)  
  
Paul Weiss (IRG 2) UC Los Angeles (Received Center Support in a subcontract) 
 
  
 



3. List of Center Collaborators 
 

Collaborator Institution E-mail Field of Expertise IRG 
Association 

Shared 
Facilities 
User  

Martin Holt Argonne Photon Source mvholt@anl.gov Nanoscale Xray imaging IRG 1 No 
Jiamian Hu Tsinghua University Hjm08@mails.tsinghua.edu.cn Phase Field Modeling IRG 1 No 

Sergei V. Kalinin Oak Ridge National 
Laboratory Sergei2@ornl.gov Piezoelectric Force 

Microscopy IRG 1 No 

Anna Morozovska National Academy of 
Sciences, Ukraine Anna.n.morozovska@gmail.com Theory IRG 1 No 

Simon Phillpot University of Florida 
Gainesville sphil@mse.ufl.edu First Principles theory IRG 1 No 

Eric Clément Université Pierre et Marie 
Curie Eric.clement@upmc.fr Physics of colloidal particles IRG 2 No  

Misael Diaz University of Puerto Rico Misael.diaz@upr.edu Modeling, Bacterial IRG 2 No  
Ulbaldo M. Cordova-
Figueroa University of Puerto Rico Ubaldom.cordova@upr.edu Modeling IRG 2 No  

Leonhard Grill Universitaet Berlin, 
Germany Leonhard.grill@physik.fu-berlin.de Nanocar Analysis IRG 2 No  

Mauricio Hoyos ESPCI (Paris Tech) hoyos@pmmh.espci.fr Physics of colloidal particles IRG 2 No  

Jianzhuang Jiang University of Science and 
Technology Beijing jianzhuang@ustb.edu.cn Synthesis IRG 2 No  

Anotoly Kolomeisky Rice University tolya@rice.edu Modeling IRG 2 No  

Stephan Link Rice University slink@rice.edu Single molecule 
fluorescence spectroscopy IRG 2 No  

Angel Marti Rice University amarti@rice.edu Solution spectroscopy IRG 2 No  
Mogens Brondsted 
Nielsen 

University of 
Copenhagen mbn@kiku.dk Molecular Engineering IRG 2 No 

Anne Rousselet ESPCI (Paris Tech) Annie.rousselet@espci.fr Physics of colloidal particles IRG 2 No  

Gemma Solomon University of 
Copenhagen gsolomon@nano.ku.dk Nanoscience IRG 2 No  
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Collaborator Institution E-mail Field of Expertise IRG 
Association 

Shared 
Facilities 
User  

Fraser Stoddart Northwestern University stoddart@northwestern.edu Molecular Motors and 
Nanomaterial synthesis IRG 2 No  

Yang Wang UCLA yangy@ucla.edu Materials Science and 
Engineering IRG 2 Yes 

Lin He Beijing Normal 
University helin@bnu.edu.cn 

Magnetic and Eletronic 
Properties of Low 
Dimensional Systems 

IRG 3 Yes 

Mingliang Tian Chinese Academy of 
Science tianml@hmfl.ac.cn Superconductivity and 

Magnetism IRG 3 Yes 

Jian Wang Peking University Jianwangphysics@pku.edu.cn 
Superconductivity, 
Magnetism and Topological 
Insulator  

IRG 3 Yes 

Noel Healy University of 
Southampton nvh@orc.sonton.ac.uk Fiber materials and devices IRG 4 No  

Priyanth Mehta University of 
Southampton Pm4g09@orc.soton.ac.uk Fiber materials and devices IRG 4 No  

Mario Pantoja University of Granada, 
Spain Mario@ugr.es Computational 

Electromagnetics IRG 4 No 

Anna Peacock University of 
Southampton acp@orc.soton.ac.uk Fiber materials and devices IRG 4 No 

Detlef Smilgies Cornell, CHESS 
beamline Dms79@cornell.edu x-ray scattering IRG 4 No 

Michael Zharnikov U. Heidelberg Germany Michael.Zharnikov@urz.uni-heidelberg.de Surfaces IRG 4 No 
Abhay Pasupathy Columbia University Apn2108@columbia.edu STM Seed No 

Roland Kawakami UC Riverside Roland.kawakami@ucr.edu Spin injection and Spin 
Transport in Semiconductors Seed No 
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Strategic Plan 

4.  Strategic Plan 
Development of Center Vision and Mission:  Nanoscale science is a rich field that is 
transforming materials science, not only by providing materials with enhanced properties for 
traditional applications but also by providing access to wholly new, transformational physical 
phenomena. Over the next decade, nano-materials are expected to play an increasingly important 
role in energy conversion, electronics, biology, environmental technology and other fields. In 
large measure the success of these applications depends on innovation in materials discovery and 
assembly, and especially on understanding of new physics that is unique to the nanoscale.  
Recognizing the importance of the connection between emerging science and societal benefit, 
the mission of the Center is to design and discover materials with fundamentally new physical 
properties and functions, focusing especially on phenomena that are unique to nanoscale 
dimensions. Success in this effort requires the participation of multi-disciplinary teams that 
combine expertise in materials synthesis, fabrication, theory and computation, physical property 
measurements and device engineering.  Projects in the Center are expected to be at the forefront 
of their field scientifically, to be intrinsically interdisciplinary and in appropriate cases to 
transition to practical technology. Considering the scale of the Center, the projects should 
assume greater risk and ambition than a typical single-investigator effort. Renewal of the 
Center’s scientific focus is driven by new discoveries in the interdisciplinary research groups, 
and by a robust seed program that draws on talent from a large pool of materials researchers at 
Penn State and collaborating institutions. Periodic internal review of all programs is an important 
factor in maintaining the high quality and productivity of Center research. Center research is 
integrated with educational and industrial outreach that is designed to engage all its members and 
leverages the expertise and distribution networks of several partner organizations: these efforts 
are seen as valuable not only for the recipients (the public, students, industry) but also for the 
participants, as career development experience in communicating and translating research 
towards larger societal needs. The Center supports the career development of young scientists 
and those from under-represented groups through its seed program, internships, coordination 
with departmental admissions committees, research experiences, participation in the materials 
facilities network, and outreach activities, as described in the Diversity Strategic Plan. This 
management philosophy and strategic plan for the Center has been developed jointly by the 
members of the IRGs, who meet weekly for seminars and informal discussions, by the past and 
present Center directors, and by the Executive Committee.  It is expected that the future vision 
for the Center will continue to evolve with bottom-up input from its creative and energetic 
membership. 

Research Goals:  Transformed by the injection of new ideas and new participants, the topical 
emphasis of the IRGs has changed substantially since the Center’s establishment. The core 
research goals of the Center in hard and soft materials were re-defined by the four IRGs in the 
competitive renewal process of 2008. In initiating new projects and evaluating continuing ones, 
the Center responds to new scientific opportunities and societal needs by exploiting synergistic 
collaborations across fields. The following provides a picture of the Center’s current activities 
and research goals for the next two years: 

IRG1 will focus on strain tuning and (in a new initiative) layer tuning and resulting new 
phenomena in complex oxides in which two or more ferroic (ferroelectric, ferroelastic, magnetic) 
order parameters exist within a single material.  The intricate coupling between spin-charge-and-
lattice degrees of freedom are expected to give rise to a rich spectrum of new phenomena and 
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cross-coupled properties with fundamental scientific merits on their own, as well as potential 
applications in highly tunable electronic and optical properties, and electrical control of 
magnetism. Predictive theory plays a crucial role in these studies. 

IRG2 will focus its efforts onto catalytic nano/microscale motors that employ catalytically 
driven ion flow, hydrolysis, and (in a new initiative) acoustic energy will be designed, fabricated, 
and modeled, inspired by the dynamic interplay of nanomachines that comprise living systems. 
This research will advance the fundamental understanding of nanomotor design to enable 
applications in the dynamical organization of nanomaterials and nanosystems, separations, 
sensing, actuation and biomedicine. Particular focus will be placed on collective interactions 
between motors, and the extension of motor functionality by incorporation of internal state 
variables. 

IRG3 will explore new phenomena related to charge and spin transport in quasi-1D 
nanostructures, using single-crystal nanowires grown by electrochemical, CVD methods and (in 
a new initiative, fiber deposition at extreme aspect ratios a novel multiwire configurations) and 
coupling theoretical modeling to low-temperature transport measurements. This effort is 
motivated by fundamental questions that may also have technological applications in 
superconductivity and semiconductor nanowire electronics.  

IRG4 seeks to design and fabricate in-fiber and planar nanostructured devices that manipulate 
and channel electromagnetic (E-M) radiation across the spectrum, with a new focus on the 
creation of optically thick structures, “thick films,” through transformative new techniques of 
directed assembly and high-pressure deposition in confined planar geometries.  The goals of the 
work are to access new physical regimes and enable new technologies by directing the spatial 
organization and integration of metals, semiconductors, and dielectrics on sub-wavelength length 
scales.  Feed-forward computational methods are a key component of these material and device 
designs. 

The seed grant program will continue to be an important avenue for promoting new research 
ideas, particularly high-risk projects proposed by both early-career and established faculty, as 
described earlier. A strong matching commitment from Penn State allows the Center to support 
several seed projects in each annual competition.  Historically, the seed program has been an 
important engine of innovation in the Center; for example, it led to the establishment of a new 
IRG (now IRG1) in the latest renewal. In 2011, a major re-envisioning of each IRG was 
implemented via a special Seed program that drew resources from the IRGs existing budgets and 
re-allocated them through the vehicle of IRG redirection seeds, in addition to an open 
competition for a new seed intended to spark a competitive new IRG.  

Metrics:  The Center’s metrics for success include the number of collaborative publications, 
particularly those in high-profile journals and with multi-point collaboration, the degrees, 
training, outcomes and further career development of a diverse body of participants, numbers of 
patents, development of industrial and international collaborations, industrial co-sponsorship of 
research, and transfer of technology developed in the Center.   

Educational and Diversity Goals:  The Center maximizes its educational impact by coupling the 
expertise and enthusiasm of all of its members with our partners' expertise in reaching large 
audiences. The Science-U summer camps, offered across grades 3–11, will continue to develop 
new content on topics that resonate with the public (Mythbusters, Crime Scene Investigators, 
Harry Potter, etc.). In partnership with The Franklin Institute (TFI), new museum shows will be 
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created for distribution to a national network of science museums, reaching an audience of 
hundreds of thousands. We are recruiting at the high school level students both locally and from 
underrepresented groups in the Philadelphia area for a Science Leadership summer camp. A 
broad range of high schools and middle schools are being reached through teacher training 
workshops and research experiences, and a diverse group of students are mentored in the REU 
program, recruited through partnerships with minority-serving institutions. All major outreach 
programs are regularly assessed for efficacy and impact. Center outreach activities will continue 
to be integrated into the Center’s ongoing research activities through outreach showcases 
embedded into the MRSEC seminar series, participation across all levels in education and 
outreach activities, and the involvement of outreach staff in regular IRG research meetings and 
activities. 

The Center recruits students and postdocs from under-represented groups through ongoing 
collaborations with partner institutions in Puerto Rico and Texas, through the MRSEC facilities 
network, and by cultivating faculty contacts with minority-serving institutions as possible seeds 
of future PREM proposals. The goal here is to increase the representation of women and 
minorities at all levels in the Center and substantially exceed the level of their representation at 
Penn State as a whole. By coordinating with diversity-focused recruiting efforts across the 
campus through our Diversity Committee, the Center serves as a model and an agent for positive 
change in developing a diverse, interdisciplinary scientific workforce.   



IRG1:  Strain-Enabled Multiferroics  
IRG Faculty and Seed Faculty: V. Gopalan (IRG leader), L.Q. Chen, P.E. Schiffer, R. Engel-
Herbert, S. Trolier-McKinstry (all Penn State), X.X. Xi (Temple), D.G. Schlom (Cornell), K.M. 
Rabe (Rutgers), R. Ramesh (UC Berkeley), X.Q. Pan (University of Michigan), C. Fennie 
(Cornell). 
 
Students and Postdocs 
Graduated: June Hyuk Lee (Penn State), Helen He (Berkeley), Robert Zeches (Berkeley), Alison 
Hatt (UCSB), Carl-Johan Eklund (Rutgers), Amit Kumar (Penn State), Eftihia Vlahos (Penn 
State), Chris Nelson (U. Michigan), Xianglin Ke (Postdoc, Penn State), Rajiv Misra (Postdoc, 
Penn State), Sava Denev (Postdoc, Penn State).  
 
Current: Charles Brooks (Penn State), Benjamin Winchester (Penn State), Che-Hui (Kevin) Lee 
(Penn State), Yijia Gu (Penn State), Alexander Melville (Cornell), Turan Birol (Postdoc, 
Cornell), Ryan Haislmaier (Penn State), Jessica Leung (Penn State), Arnab SenGupta (Penn 
State), Raegan Johnson (Penn State), L. Palova (Rutgers), Craig Eaton (Penn State), Anil Kumar 
(Rutgers), Guangsha Shi (Michigan), James Clarkson (Berkeley), Qibin Zhou (Rutgers), C. 
Eaton (Penn State), Hena Das (Postdoc, Cornell). 
 
Overall Goal: This IRG broadly focuses on strain tuning and the resulting new phenomena in 
multiferroic materials in which two or more ferroic (ferroelectric, ferroelastic, magnetic) order 
parameters exist within a single material.  The intricate coupling between spin-charge-and-lattice 
degrees of freedom gives rise to a rich spectrum of new phenomena and cross-coupled properties 
with fundamental scientific merits on their own, as well as potential applications in highly 
tunable electronic and optical properties, and electrical control of magnetism.  The IRG in 
particular focuses on complex oxides, and the strain tuning is imparted in thin films of high 
crystalline perfection and precisely controlled strain state by appropriate choice of substrates and 
growth conditions through conventional and laser-based molecular beam epitaxy methods.  The 
team’s expertise spans first principles and phase-field modeling predictions of new materials and 
phenomena, synthesis, structural electrical, magnetic, and optical characterization, and prototype 
device demonstrations.  
 
Summary of Accomplishments: Starting from its inception as a seed in 2006-2007, this group 
has published 123 peer-reviewed papers, with a breakdown of 27 papers in 2008, 28 papers in 
2009, 33 in 2010, and 27 in 2011, and the rest between 2006-2008. This includes 7 in Nature and 
sister journals, 4 in Science, 12 in Phys. Rev. Lett. and others in journals such as Phys. Rev. B, 
Annual Review of Condensed Matter Physics, J. Am. Chem. Soc., Adv. Mater., Appl. Phys. Lett., 
J. Appl. Phys., etc. The team has graduated 8 PhDs and 3 postdocs. 
 
RESEARCH HIGHLIGHTS AND PLANS: 

• Octahedral rotations in layered perovskites exhibit new symmetries and “roto” properties 
(Nature Materials, 2011)1 such as mediating coupling between polarization and magnetism 
in layered perovskites. (Phys. Rev. Lett., 2011)2, and with strain (Phys. Rev. B, 2011)3 



 
• A paraelectric antiferromagnet in bulk form such as EuTiO3, when biaxially strained in thin 

film form becomes a strong ferroelectric ferromagnet (Nature, 2010,4 20115). 
 
• New insights in into the atomic scale structure and dynamics of ferroelectric domain walls, 

such as Bloch and Neel-like ferroelectric walls (Phys. Rev. B, 2009) 6 long-range influence 
(Phys. Rev. B, 2010)7, and atomic resolution dynamics (Science, 20118, Nature Commmun. 
20119). 

 
• Strain-induced isosymmetric phase transitions (Science, 2009)10 and observation of room 

temperature magnon sidebands (Phys. Rev. B, 2009 11) in BiFeO3. 
 
• Ferroelectricity in strained SrTiO3 (Phys. Rev. Lett. 2010,12 Science, 2009 13, Phys. Rev. 

Lett., 2008 14) and CaTiO3 (Phys. Rev. B, 201215 and 200916). 
 
• Multiphase multiferroics and devices (Nature Commun. 201117,18Appl. Phys. Lett. 201119, 

Phys. Rev. Lett. 201020). 
 
Some of the above highlights are described below. 

Hidden Symmetries in Octahedral Rotations (Nature Materials, 2011)1: The structure of 
materials is described by a combination of rotations, rotation-inversions and translational 

symmetries. By recognizing the reversal of static 
structural rotations between clockwise and 
counterclockwise directions as a distinct symmetry 
operation, , (see Figure 1) Gopalan and Litvin1 
have shown that there are many more structural 
symmetries than are currently recognized in right- or 
left-handed handed helices, spirals, and in 
antidistorted structures composed equally of rotations 
of both handedness. For example, though a helix or 
spiral cannot possess conventional mirror or 
inversion symmetries, they can possess them in 
combination with the rotation reversal symmetry. 
Similarly, many antidistorted perovskites possess 
twice the number of symmetry elements as 
conventionally identified. These new symmetries, 
referred to as “roto” symmetries, predict new forms 
for roto properties that relate to static rotations, such 
as rotoelectricity, piezorotation, and rotomagnetism. 
Future Plans: These symmetry insights enable a 
symmetry-based search for new phenomena, such as 
multiferroicity involving a coupling of spins, electric 
polarization and static rotations (Figure 1). One of 
the first goals is to experimentally test for the 
presence of this new symmetry in complex oxides. 

 

Figure 1: Time reversal, 1' and inversion,  
are known antisymmetry operations. A new 
operation  is introduced by Gopalan and 
Litvin [1]. There are 20 roto point groups (PGs) 
that exhibit unique multiferroic properties.  

 



Gopalan has recently identified tilt structures in simple perovskites given by the general Glazer 
notation, a+b+c+ and its variants to show new forms for tensor properties such as elasticity and 
dielectric constant. These predictions are being tested using first principles and phase-field 
modeling.  Fennie has predicted21 Ca3Mn2O7 to couple polarization and magnetism through 
octahedral rotations. These will be experimentally studied. Spaldin group has predicted 
piezorotation in strained LaAlO3 from first principles.22 These films have been synthesized by 
Schlom group, and Trolier-Mckinstry and Gopalan groups will visit Argonne for structural 
characterization in 2012.   

Highly Tunable Polar States, Bloch and Néel-type walls, and Dipole Spring Ferroelectrics:  
Metastable phases are intermediate bridging phases that may not exist in a material under 
thermodynamic equilibrium, but are stabilized by inhomogeneous composition, stress, strain, and 
fields. One of the well-known examples is the monoclinic phase in PbZrxTi1−xO3 (PZT), and 
related solid solutions, occurring in the so-called compositional “morphotropic” phase boundary 
(MPB)23- 27 and results in up to two orders of magnitude increase in piezoelectric response.28,29-

38     
How can such phases be induced in material systems that do not possess a compositional 

MPB? Using phase-field theory and experiments, Gopalan and Chen have recently discovered39 
(see Figure 2, also manuscript in preparation) that even single crystals of simple lead-free 

perovskites such as BaTiO3 and KNbO3 exhibit metastable monoclinic phases stabilized by local 
elastic and electric field gradients arising from twinned domain wall structures. We believe that 
such highly tunable states are responsible for the (previously unexplained) up to two orders of 
magnitude enhancement in piezoelectric coefficients observed in the presence of domain and 
twin walls.40- 49 One of the most effective means of creating bulk monoclinic metastable phases 
is in layered structures.  Figure 2 shows phase-field simulation by Chen group in an artificially 
layered, and strained BaTiO3/SrTiO3 heterostructure.50, 51 There are several surprising and 
striking aspects of this prediction:  (1) The heterostructure is monoclinic, while neither of the 
constituent compounds is monoclinic.  (2) Unusual vortex-type domain walls appear, that are 
Bloch-like and Néel-like in the directions perpendicular and parallel to the substrate.  Note that 
textbook definition of ferroelctric walls is strictly considered to be Ising like.  (3) The switching 
dynamics of this heterostructure exhibits unusual pinched hysteresis loops. A large section of this 
loop is reversible, leading to large tunability, hence called dipole springs.  Future Plans: We 
propose to explore a range of layered structures to create such highly tunable polar phases with 

 

Figure 2: (left) Highly tunable metastable phases (bright yellow) in tetragonal (brown) BaTiO3 single crystals 
using optical SHG microscopy. (Center) Phase-field modeling of ferroelectric vector in a (001)(SrTiO3)4 / 
(001)(BaTiO3)8 superlattice, and (right) The constricted hysteresis loop of BT8/ST3 superlattice. 

 



unusual domain walls and highly tunable monoclinic phases. 
 

Revealing Ferroelectric Switching Dynamics 
with Atomic Resolution:   
Ferroelectric materials are characterized by a 
spontaneous polarization, which can be reoriented 
with an applied electric field. The switching 
between polarized domains is mediated by 
nanoscale defects. Understanding the role of 
defects in ferroelectric switching is critical for 
practical applications such as non-volatile 
memories. This is especially the case for 
ferroelectric nanostructures and thin films in 
which the entire switching volume is proximate to 
a defective surface. Pan, Chen, Schlom groups 
have demonstrated8,9 the nanoscale ferroelectric 
switching of a ferroelectric thin film under an 
applied electric field using in situ transmission 
electron microscopy (Fig. 3). We found that the 
intrinsic electric fields formed at 
ferroelectric/electrode interfaces determine the 

nucleation sites and growth rates of ferroelectric domains and the orientation and mobility of 
domain walls, whereas dislocations exert a weak pinning force on domain wall motion.  Future 
Plans:  With aberration correction transmission electron microscopy, we plan to probe the 
internal structure and dynamics of ferroic walls, as well as oxygen octahedral rotations in thin 
films. 

 (Anti)Ferroelectricity and the Role of Dimensionality in Layered Ruddlesden-Popper 
Complex Oxides: (Anti)ferroelectric and antiferrodistortive states are cooperative phenomena 
involving the coherent motion of atomic distortion patterns extending over many unit cells. 
These ferroic states may be greatly influenced by introducing a perturbation with a characteristic 
length scale below (or near) that of the coherence length of the ferroic distortion. Layered 
structures allow a unique ability to tune the coherence length through layer dimensionality and 
strain.  For example, Ruddlesden-Popper (RP) layered phases (Fig. 4), given by the general 
formulae An+1BnO3n+1, can be considered as alternating layers of perovskites (ABO3) and rock 
salt (AO), given by the sequence, n(ABO3)/AO. Recently, Birol and Fennie have predicted21 

from first principles calculations an unusual polar state 
in the low n, Srn+1TinO3n+1, at small values of tensile 
strain, in which ferroelectricity is nearly degenerate 
with true antiferroelectricity, a relatively rare form of 
ferroic order. With increasing n at a fixed value of 
epitaxial strain, a region of the phase diagram is 
reached where ferroelectricity and antiferroelectricity 
compete.  Beyond a critical n>nc, an in-plane 
polarization sets in within the perovskite layers. 
Future Plans: Preliminary results on strained 
Srn+1TinO3n+1 appear to confirm these predictions. This  

Figure 4.  Homologous Ruddlesden-Popper 
series of compounds Srn+1TinO3n+1.   

 

 

Figure 3: A contour map of the domain outline at 
each time step with the color corresponding to the 
domain wall velocity. Line profiles for the initial 
vertical velocity and lateral velocity versus time of 
the left domain wall are overlaid. In both cases, a 
pinning event is highlighted by a white arrow. 
scale bar, 50 nm. (Nat. Comm. 2011)9 



indicates the importance of the dimensionality “n” in turning on and off the ferroelectric 
properties of the series. We propose to construct a simple microscopic model that allows us to 
understand how (anti)ferroelectricity emerges as the number of perovskite blocks n increases.  
These insights could enable the RP structure to serve as a general template for a new class of 
ferroelectric and multiferroic materials with coupled properties.  

Hybrid Improper Multiferroicity through Coupled Octahedral Rotation Modes:   
The recent discovery of rotation-driven ferroelectricity in an artificially layered 

superlattice of PbTiO3/SrTiO3 by Bousquet et. al.52 exhibits a trilinear coupling, namely, 
F=γPR1R2, comprised of two different rotation modes, R1 and R2, leading to a hybrid mode. In 
the last year, Benedek and Fennie53 have identified a naturally layered Ruddlesden-Popper 
system, Ca3Ti2O7, in which such trilinearly coupled rotations induce ferroelectricity with a 
polarization as large as 20µC/cm2. They have suggested the term hybrid improper 
ferroelectricity. Fennie and Rondinelli54 have recently developed   a general design criterion for 
hybrid improper ferroelectricity by which otherwise centrosymmetric octahedral tilt patterns can 
give rise to ferroelectricity in layered (A,A')B2O6 perovskite structures.  
 Polar distortions typically mostly do not appreciably influence the interactions between 
spins, and hence not conducive to generating a strong polarization-magnetization coupling.  
Octahedral rotations solve this problem. The mechanism of hybrid improper multiferroicity 
provides lattice layering as an additional degree of freedom for controlling magnetization.  
Further, this approach supports electric polarizations in more diverse chemistries, including 
cations with strong magnetic interactions, open d- and f-shell configurations, which are 
incompatible with conventional ferroelectricity. Fennie and Benedek have also predicted53 the 
naturally occurring Ca3Mn2O7, a Ruddlesden-Popper layered phase [Fig. 5], to possess such 
hybrid improper multiferroicity.  They show that the transition from paraelectric to the 
ferroelectric state was driven not by a polar instability, but by two different octahedral rotation 
modes, with different symmetries, forming a hybrid mode. The direction of the polarization can 
be switched by switching either the X2

+ mode, or the X3
- mode, but not both.   By switching the 

X3
-
 mode, the direction of  weak- 

ferromagnetization will also switch.  Thus 
Ca3Mn2O7 is a fully coupled multiferroic.  

Future Plans: We propose to experimentally 
pursue these exciting theory predictions in layered 
perovskites. Ruddlesden-Popper phases like 
Ca3Ti2O7 will be pursued.  Layered (A,A')B2O6 
perovskite structures will be pursued, in vastly 
different chemistries: gallates, aluminates, 
ruthenates, zirconates, and vanadate.  Multilayers 
such as LaAlO3/YAlO3, LaAlO3/BiAlO3, 
YAlO3/YGaO3, LaGaO3/YGaO3, SrVO3/CaVO3, 
CaZrO3/SrZrO3 and others have been predicted by 
Rondinelli and Fennie to possess significantly large 
~10µC/cm2 polarization.  These systems will be 
pursued. We have already synthesized Ca3Mn2O7 
by MBE, and are experimentally probing the 
multiferroic phenomena presently.  
 

 

Figure 5: Fully coupled ferroelectric, weak-
ferromagnet:  Ca3Mn2O7 structure (a) with Ca 
(blue) and O (red) shown. The (b) X2

+, and (c) 
X3

- rotation modes. 
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IRG Faculty and Seed Faculty: Peter Butler, Vin Crespi, Tony Jun Huang, Lasse Jensen, 
Christine Keating, Kevin Kelly (Rice), Tom Mallouk, Scott Phillips, Ayusman Sen, Jorge Sofo, 
James Tour (Rice), Darrell Velegol, Paul Weiss (UCLA), Mary Beth Williams. 

Students and Postdocs: Joseph McDermott (Ph.D., 2011), Ryan Pavlick, Samudra Sengupta, 
Wentao Duan, Wei “Tiger” Wang, Tso-Yi Chiang, Amir Nourhani, Young-Moo Byun, Paul 
Lammert, Feng Guo, Yuliang Xie, Yijia Gu, Bala Krishna Pathem, Yue Bing Zheng, Jinjie Shi, 
Yanhui Zhao, Yanjun Liu, Pin-Lei Edmund Chu (Rice) Tsong Chiang (Rice), Jazmin Godoy-
Vargas (Rice), Guillaume Vives (Rice), Jason M. Guerrero (Rice). 

External Collaborators: Ubaldo. M. Córdova-Figueroa and Misael Diaz (Univ. Puerto Rico); 
Takayuki Narita (Saga University, Japan); Mauricio Hoyos, Gaston Mino, Thierry Darnige, 
Jeremi Dauchet, Annie Rousselet, and Eric Clement (ESPCI, Paris Tech), Jocelyn Dunstan and 
Rodrigo Soto (Universidad de Chile). 

Goals and Highlights: IRG2 aims to engineer autonomous motion of objects and fluids 
spanning from the nano to the microscale, to attack one of the grand challenges in science: How 
can we master and control energy and information on the nano and microscale to create new 
technologies with capabilities ultimately rivaling those of living things? This level of control 
requires intelligent systems that are driven far from equilibrium through the use of free energy. A 
functioning intelligent system requires (a) information and (b) an information processor that acts 
on the information. Information can take the form of chemical, acoustic, or optical fields, with 
autonomous motile objects or fluidic pumps responding to and modifying this information. The 
coupling between sensing and transport could enable new applications such as dynamic spatio-
temporal dissemination of materials and analyte-triggered cargo delivery. We have 
demonstrated, for the first time, that abiotic nano/micro-objects can move autonomously by 
converting chemical, photochemical, and acoustic energy into mechanical force. With minimal 
information input in the form of chemical, acoustic or optical fields, these objects begin to 
display rich, emergent collective behavior. The Galilean inverse, analyte-triggered pumping, was 
also demonstrated using surface-anchored motors. Freed of the usual biological constraints, we 
now have the unprecedented opportunity to probe the limits of self-organization in these 
dynamic systems that operate far from equilibrium. 

Recent Accomplishments: 
Single-enzyme molecules, polymerization catalyst-bound microparticles, and microparticles 
undergoing depolymerization all show enhanced diffusive motion in the presence of the specific 
substrate. Further, this increase is attenuated upon the addition of an inhibitor. The fundamental 
mechanisms that generate motion remain unclear in many cases, especially at the single-
molecule level. Hypotheses to explain the motion include chemical gradients arising from 
asymmetric production of reaction products (osmophoresis), and non-reciprocal conformational 
changes during substrate turnover. The work on single catalyst molecules will link the nano-scale 
molecular motors with micro-scale catalytic motors as we scale-up from single catalyst 
molecules (enzymes) to the same catalysts tethered to micro-scale objects. 

In what is effectively the Galilean inverse of the process just described, pumping of fluids is 
possible using surface-anchored motors in the presence of the specific substrate. The entropy-
driven depolymerization pumps consist of insoluble polymer films that depolymerize to release 
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soluble monomeric products when exposed to a specific analyte. The pumps are self-powered: 
Products formed as a result of the depolymerization reaction create a concentration gradient that 
pumps fluids (and particles) away from the bulk polymer. Since the depolymerization of a single 
polymer chain triggered by one analyte molecule leads to a large number of monomer products, 
there is considerable signal amplification. The pumps are capable of turning on in response to 
specific analytes and are tunable to respond to a variety of analytes, ranging from small 
molecules to enzymes. In the current year, these pumps have been extended to new fuels and 
new geometries. 

Directed (stochastic) diffusive motion up a substrate gradient (i.e., chemotaxis) occurs, and is 
observed with various types of motors over a large length-scale, including single enzyme 
molecules and polymerization catalysts bound to microparticles. Based on random-walk particle 
simulations, the chemotactic behavior of the enzyme molecules may arise from an enhanced 
diffusion mechanism. The substrate concentration changes continuously as the enzyme diffuses 
along the gradient. Thus, at every point in space, the diffusion rate increases on moving up the 
gradient and decreases on moving down the gradient. A higher diffusion coefficient leads to a 
greater spreading of the enzyme molecules on the side of the higher substrate concentration. The 
powered component of the motion is crucial, since it enables the microscopic irreversibility 
necessary for inhomogeneous diffusion to favor non-uniform spatial distributions. The proposed 
mechanism is stochastic in nature and is different from biological chemotaxis, which requires 
temporal memory of the concentration gradient. 

Emergent swarming and predator-prey behavior based on chemotaxis occurs for particles and 
enzyme molecules that produce self-generated ion gradients.  Controlled formation of zones of 
attraction and exclusion, as well as spatio-temporal reversibility, can be achieved. The collective 
emergent behavior of micro/nanoscale active particles can be explained by a self-diffusiophoretic 
mechanism. Each active particle secretes chemicals (cations and anions) that serve as signals to 
other nearby particles. When the neighboring particles are close enough to sense the signal, the 
diffusiophoretic flow that is caused by the ion gradient pushes/pulls nearby particles 
away/towards the active particle, leading to different kinds of collective emergent behaviors. 
Under certain conditions, collective oscillations in their motion arise. The collective motions of 
these powered nanoparticles self-organize into clumped oscillators with significant 
spatiotemporal correlations between clumps. The system appears to be at the edge of a bistable 
regime, wherein one unstable cluster sets off neighbors, and neighbors then set off further 
neighbors in a resettable chain reaction. The theory of this fascinating collective nonlinear 
particle/chemical field system is under active investigation.  

The powered rotary motors are also expected to exhibit dynamical chiral symmetry breaking. An 
individual motor, unpowered and embedded in an isotropic background solution, is achiral: the 
cylindrical symmetry of the underlying linear motor is broken only by “shutting down” the motor 
functionality on one side of the cylinder: The overall rotor retains reflection symmetry and 
therefore does not have right and left handed subpopulations. Only when these motors are placed 
above a substrate and powered is the chiral symmetry broken and clockwise/counterclockwise 
subpopulations created. The powered motion is necessary to stabilize this chirality over time, 
since it is define in terms of how the inactive side orients relative to the substrate at the moment 
that powered motion initiates. For fixed motor performance (in terms of speed along the main 
axis), the persistence of a given chirality will be a function of the strength of the 
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structural/propulsive symmetry breaking. However, for a population of independent, non-
interacting rotors, this functional dependence will be a crossover, not a phase transition.  

A direct comparison of previously-discovered catalytically powered Au-Pt motors with flagellar 
bacteria show that the two are very similar in their momentum transfer to unpowered tracer 
particles at surfaces, despite the very different propulsion mechanisms. This similarity underlies 
some of the biomimetic collective behavior of the nanorod motors, and is also important in 
considering how to mimic other emergent properties of bacterial motors, such as the colonization 
of surfaces to form biofilms. 

Motors on length scales from 1 to 100's of microns can be powered by ultrasound and exhibit 
speeds of up to hundreds of microns per second. These larger micromotors function in a 
Reynolds number regime where directional motion is possible with a reciprocating two-state 
motor.  These swimmers are likely to find themselves widely useful in numerous applications 
ranging from microfluidics such as selective mixing, pumping, and load transportation to any 
specific site to non-invasive medical and surgical needs such as targeted drug delivery, 
brachytherapy, and ablation. 

Working with collaborator Mauricio Hoyos (ESPCI, Paris Tech), we have found similar rapid 
axial movement (>200 micron/s) and striking collective behavior with 2 micron bimetallic rods 
using ultrasound in the MHz range.  In this case, the movement is less well understood. The two 
dominant effects appear to be the localization of particles at acoustic nodes and the scattering of 
sound waves from the metal rods, which have high acoustic contrast with the surrounding fluid.  
The "tweezer" effect levitates the rods to a plane one half wavelength above the transducer and 
the acoustic scattering gives rise to two kinds of autonomous motion: Axial motion that depends 
on the shape asymmetry of the rods (rods move away from their concave ends), and rotational 
motion that creates vortices in the fluid, which in turn forces the rods into polar chains. In related 
work on a longer length scale, we have designed 
acoustically powered lithographically defined 
motors based on oscillations of trapped bubbles, as 
depicted in the figure at right. 

As part of the plan to design efficient plasmon-
enhanced molecular devices, novel experimental 
techniques to investigate the interactions of surface 
plasmons with functional molecules on metal 
surfaces have been developed and used to follow 
the photochemistry and photophysics of isolated 
single molecules (0D), one-dimensional (1D) linear 
chains, and two-dimensional (2D) clusters of 
photochromic assemblies By employing precisely 
controllable molecular assembly techniques, in 
conjunction with highly sensitive surface-enhanced 
Raman spectroscopy (SERS) and high-resolution 
custom-built scanning tunneling microscopes 
(STMs), we were able to tune and to study the 
dipole-dipole interactions between vertically 
aligned functional molecules.  The efficiency of 
photoswitching decreases dramatically with 

Sequence of frames of the motion of a motor 
which converts ambient acoustic energy to 
directed motion through bubble oscillations. 
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increase in the conductivity of linker that spatially separates the functional moiety from the 
conductive substrate. Moreover, the molecular assembly plays a critical role in the 
photoswitching efficiency; 0D assemblies exhibit faster photoswitching than molecules 
assembled in a 1D chain format, presumably due to steric hindrance. 
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The major theme of this IRG is the physics of superconducting, metallic, magnetic and semiconducting 
nanowires in the one dimensional limit. We will summarize below the progress we have made during the 

past year on a number on going projects. . We will also 
report on a new collaboration with IRG 4 in the study 
of submicron diameter superconducting and metallic 
wires of macroscopic (~10cm) lengths.  

Measuring the spin reorientation dynamics in a 
single semiconductor/ferromagnet core/shell 
nanowire: The incorporation of spin-related 
functionality into semiconductor nanostructures 
provides an exciting new route for nanospintronic 
devices.Nanodevices derived from 
MnAs/GaAsheterostructures present an interesting 
opportunity in this context because GaAs is an 
important semiconductor for optoelectronics, while 
MnAs is a ferromagnetic metal with a Curie 
temperature above room temperature (<313-350 K, 
depending on the strain). In addition, MnAs is a 
fundamentally interesting ferromagnet because of the 
unique competing interplay between the 
magnetocrystalline anisotropy and the shape 
anisotropy. We have demonstrated heteroepitaxial 
growth of GaAs/MnAs core/shell nanowires, thus 
creating a novel arena for studying magnetization 
dynamics in restricted nanoscale geometries. Probing 
the magnetization in such individual nanowires is a 
challenge for conventional magnetometry techniques. 
Instead, we used magnetoresistance measurements of 
single nanowire devices in conjunction with state-of-
the-art micromagnetic simulations to gain insights into 

the magnetization reorientation process of core/shell GaAs/MnAs nanowires. The methodology we 
developed for probing the magnetization dynamics is also applicable to other ferromagnetic nanowires of 



contemporary interest in spintronics. An initial paper 
describing the synthesis and characterization of these 
nanostructures was published in Applied Physics Letters. A 
new manuscript describing the correlation between 
magnetoresistance and magnetization reorientation in single 
nanowire devices has been accepted for publication also in 
Applied Physics Letters. 

Long Range Proximity Effect in Ferromagnetic 
Nanowires: Due to conflicting spin order between 
conventional singlet superconductors and ferromagnets, the 
proximity effect in a ferromagnet is supposed to be limited 
to ~ 1nm. In 2010 we reported the unexpected result that 
when Co and Ni crystalline nanowires are contacted with 
superconducting W electrodes fabricated by the focused ion 
beam (FIB) procedure, a long range proximity effect ~ 600 
nm was found. Recently we have replicated the effect in e-

beam evaporated granular Co wire.  The wire is also contacted by W electrodes by means of FIB. 
Theoretical studies on our results narrowed down the  origin of the long range proximity effect in the 
ferromagnetic wires to (1) a metallic oxide layer around the Co or Ni wires, (2) weak damping of 
Josephson singlet supercurrent between the two superconducting electrodes and (3) triplet 
superconductivity.  

We carried outmeasurements on crystalline Co nanowires with 4 normal Pt electrodes and a 
superconducting W strip between the two Pt voltage probes (inset Figure 2). Since the distance between 
the two voltage leads is about 5µm, a resistance drop of 30% from the normal state value at 1.9K 
indicates thespatial range of the proximity effect in this configuration remains of the same order as that 
seen before with four superconducting electrodes. This shows that the proximity effect cannot be caused 
by weak damping of Josephson singlet supercurrent between two superconducting reservoirs.Since Co 
and Ni oxide are insulating, this result supports the idea that the proximity induced superconductivity in 
the Co wire is indeed triplet in nature.   Under a parallel field, two sets of magnetoresistance oscillations 
are seen (Figure 2). The oscillations with the larger period of ~ 1T appear to correspond to flux tubes 
passing through the nanowire. In the fluxoid quantization equation, BA = φ0 where B is the applied field, 
A is the area of the nanowire and φ0is a flux quantum yields a wire radius of 25 nm. The actual wire 
radius is 35 nm, but if we take into account the presence of an oxidation layer, the two numbers are very 
close.  

If the proximity effect induced superconductivity in the Co wire is triplet while the electrodes are standard 
BCS superconductors, it should be straight forward to fabricate simple devices to look for interference 
effects between the singlet and triplet supercurrents under a magnetic field. Such an experiment is in 
progress. To date only FIB fabricated W electrodes were used in these studies. It was pointed out that a 
spin disordered interface between the ferromagnetic film (orwire) and the (conventional singlet) 
superconducting electrode is necessary to ‘generate’ triplet superconductivity in the wire. It is possible 
that this interface is formed during the FIB process. We have initiated experiments to replace the FIB W 
electrodes with e-beam evaporated superconducting electrodes such as Al and Sn to see if the 
phenomenon survives without the FIB W electrode.  

Bi-stability and Quantum Phase Slips in Anti-Proximity Effect Induced Resistive State: A 
superconducting system can be described by a complex order parameter ψ = |ψ|eiφ. When the system is in 
the ‘phase coherent’ superconducting state, the phase φ has a well-defined value throughout the system. 
In a phase slip event, the magnitude of the superconducting parameter at a point goes to zero 
momentarily, thereby making the phase ill-defined. When the order parameter recovers, the phase takes 



on a value different from the previous value by 2π. These phase-slip events are detectable because they 
cause a finite voltage to appear across the nanowire in accordance with the Josephson relation d(Δφ)/dt = 

2eV/ℏ, where Δφ is the phase difference across the nanowire. Phase-slip events occurring due to thermal 
activation at temperatures close to Tc are well understood and documented. It is believed that these events 
can also be caused by quantum tunneling at low temperatures. Although there have been many attempts to 
detect these theoretically predicted ‘quantum phase slips’ by resistance measurements on superconducting 
nanowires, the results are inconclusive. Several years ago, this IRG discovered a counterintuitive 
phenomenon called the antiproximity effect (APE) wherein a bulk superconducting electrode suppresses 
or weakens the superconductivity of a superconducting nanowire. The phenomenon was found in 
crystalline, 40 nm diameter Zn nanowire arrays and later confirmed in granular Zn nanowires and 
crystalline and granular AlNW. Fu, Seidel, Clarke and Lee (PRL 96, 157005 (2006)) proposed that the 
resistive state of the Zn wires (when the electrodes are superconducting) is the consequence of quantum 
phase slips in the wires. Normal electrodes, on the other hand provide a dissipative environment which 
stabilize the phase of the order parameter, preventing phase slip from disrupting superconductivity in the 
Zn wires. 

Figure 3(a) shows the resistance (R) vs. temperature (T) of a device consisting of an AlNW connected to 
four electrodes. The AlNW and the Al electrodes were fabricated by e-beam during the same evaporation 
step. The thickness of the device is 50 nm and the AlNW is 130 nm wide and 5 µm long. The electrodes 
are 1µm wide. Measurements were made with an excitation current of 2.5 µA. Both the critical 
temperature (Tc) and critical field (Hc)of the electrodes are lower than that of the AlNW(0.7 vs. 0.9K for 
Tc at zero field and ~380 vs. ~700 Oe for Hc at 0.1K when measured with an excitation current of 2.5µA). 
If we follow R as a function of T at 300 Oe in Figure 3(a) as an example, we see that the wire begins to go 
superconducting when it is cooled below 0.8K. The resistance drops with decreasing temperature and 
achieves zero resistance slightly below 0.7K. At this temperature the electrodes are still normal. The zero 
resistance state persists down to 0.35K. Below 0.35 K, the resistance begins to increase with decreasing 
temperature saturating at half the normal state value near 0.1K, exhibiting APE behavior. The data shown 
in Figure 3(a) is obtained by averaging 50 resistance measurements at each field and temperature. To 
understand better the resistive state, we measure the R vs. T without averaging. This is shown in (Figure 
3(b)).Above 0.84K, Tc of the nanowire, the entire device is normal and shows temperature independent 
normal state resistance.  Below 0.35 K and between 0.7 and 0.84K, the resistance registers only two 



values, the normal state value or zero resistance. The resistance assumes one of these two values each 
time an excitation current is injected. (The normal state resistance shows a monotonic decrease from 0.84 
to 0.7 K, concomitant with the appearance of zero resistance readings. This decrease is probably due to 
the fact that the boundary region between the electrodes and the wire is becoming superconducting.) The 
averaged resistance values shown in Fig 3(a) in these temperature ranges therefore represent the 
probability of the two (resistance) states the wire is ‘residing’. When the system is between 0.35 and 0.7 
K, the AlNW is firmly locked in the superconducting state. We think the most sensible explanation of the 
two discrete resistance readings is that the AlNW is in a bi-stable state in this region of parameters. This 
is the case because the excitation current is close to the critical current and the free energies of the normal 
and superconducting states of the device are nearly identical. The initiation of a measurement (by 
application of an excitation current) chooses stochastically one of the two (normal or zero) resistance 
states. The application of an excitation current may sometimes trigger a phase slip, which turns the wire 
normal. Close to the transition temperature,  (between 0.7 and 0.84K), the phase slips are likely thermally 
activated. Below 0.35K the phase slips are likely due to quantum tunneling. The observation of quantum 
phase slips at low temperatures is consistent with the model proposed by Fu et. al. for the APE. 
Specifically in the temperature range between 0.35 and 0.7K, the electrodes are normal, providing 
dissipative environment in stabilizing the AlNW in the superconducting state. However, when the 
electrodes are superconducting below 0.35K this stabilizing mechanism is no longer present, which leads 
to quantum phase slips that drive the nanowire into the normal resistive state.  These phase slip are results 
of quantum tunneling since the temperature is well below 0.84K, the transition temperature of the AlNW. 

Our transport measurements on individual nanowires without averaging show results that suggest that the 
AlNW superconducting wires in the 1D limit can reside only in two possible states with either zero 
resistance or normal state resistance. It also suggests that phase slips are responsible in bringing the wire 
from the zero resistance state to the normal state.  It is natural to speculate that this phenomenon exists 
also in other superconducting wires and we are in the midst of re-directing a number of experiments to 
determine the ‘universality’ of these results.   

Synthesis and Transport Studies of Ultrathin Nanowires: We have been developing a novel material-
general protocol for the synthesis of structurally and chemically re-enforced sub-10nm diameter single 
crystalline nanowires of metals. The aim is to enable the systematic measurement of transport properties 
by overcoming some of the technical barriers associated with ultra-thin nanowires. This approach 
involves the controlled deposition of a thin insulating oxide on the pore walls of anodic alumina 
membranes using atomic layer deposition, followed by the electrochemical deposition of the material of 
interest within the pores.  The wires are then released from the membrane with the protective oxide intact. 
Contacting of the nanowire material for four probe measurements is achieved via the gentle, calibrated 
milling of the oxide and subsequent deposition of electrodes. Contacting may be done using Focused Ion 
Beam (FIB) deposition,which allows for ion milling during the deposition of contacts, or by using a 
lithographic liftoff procedure with sequential milling and evaporation within the same chamber without 
breaking vacuum.  Our target materials include superconductors (e.g. Sn and Zn), ferromagnets (e.g. Co 
and Ni) and elements( e.g. Bi. Pd and Pt).All of these wires are expected to show novel behavior in the 
ultra-thin regime. We have conducted a proof of concept study of the process from beginning to end on 
large diameter wires. We have synthesized gold nanowires within a hafnium oxide shell by the combined 
ALD/electrochemical deposition approach. We have released and successfully contacted these wires 
using FIB and conducted 4 probe transport measurements down to 50 mK. 

Transport and electron drag measurements of 1 D wires of macroscopic lengths:  The Penn State 
MRSEC, specifically IRG 4, has the unique capability ingrowingsemiconductor and metallic wires of 
submicron diameter and macroscopic length ( ~1m) by high pressure depositioninto near atomically 
smooth pores drawn in optical fibers.Recently Gallium wire of 150 nmdiameter and length of a 1 meter 
long has been successfully grown. Attempts in growing indium and tin wires of even smaller diameter are 
currently in progress. 



This capability provides an unprecedented opportunity for the study of 1D physics. Our experiments on 
superconducting wires to date have highlighted the role of the electrodes in affecting the behavior of the 
wires. While these effects are fascinating, it is difficult to separate the intrinsic behavior of the wire due 
solely to 1D confinement. Very long high quality long nanowires (of cm instead of micron length scale) 
should resolve such issues. Another very interesting question has remained largely unaddressed so far is 
the role of quantum confinement on 1D superconductivity.The nanowires studied to date are in the1D 
limit in the sense that their width is smaller than the phase coherence length, but the effect of confinement 
is otherwise negligible. Long nanowires will enable an investigation of a direct transition from an 
insulator into a superconductor in some regions of the phase diagram, where the wires are long enough 
that the normal state is insulating due to Anderson localization, but not so long that the superconductivity 
is also fully destroyed. An identification of this regime will open the possibility of studies analogous to 
those carried out for superconductor to insulator transitions in 2D films. 

The fiber platform allows for fabrication of coupled parallel wires with either two spatially separated 
parallel wires or two coaxial wires. Furthermore, these wires can be contacted separately, and one can 
control the amount of direct charge tunneling between them. This will allow the study of drag effects 
where a current flowing in one wire is predicted to induce a current in the adjacent wire as a result of 
inter-wire momentum relaxation by Coulomb interaction (or van der Waals interaction). If the other wire 
has no current drawn from it, a voltage will be induced, allowing a measurement of the “drag resistance.” 

Drag resistance is a very sensitive probe of interactions. 
While drag in two parallel 2D layers has given rise to 
much more interesting physics, very few measurements 
have been performed in 1D.The ability to make long 1D 
metallic wires gives us an opportunity to make sensitive 
measurements, as the induced voltage is proportional to 
the length of the wires.We consider three different cases. 
First, suppose that both wires are in the normal metallic 
state. If we consider Fermi liquid behavior in each wire, 
as appropriate for relatively larger diameters, then the 

detailed dependence of the drag resistance on the separation between the wires can be calculated and it 
has been predicted that the drag current is in the same direction as the driving current. In the 1D limit, 
when the Luttinger liquid behavior is relevant, theory predicts that the drag effect is actually stronger, 
diverging at zero temperature (because of a locking between 
the two Luttinger liquids), and following a power law 
dependence on the temperature determined by the Luttinger 
liquid parameter; detailed predictions can be made for the 
dependence of drag on the separation. Indeed this may be one 
avenue for us to confirm the presence of Luttinger liquid 
behavior. Second, imagine that both wires are in the 
superconducting regime. It has been predicted that a 
supercurrent in a superconducting wire will also induce a 
supercurrent in a parallel, spatially separated superconducting 
wire. Such an effect has not yet been confirmed. The third case 
of interest is one normal wire and one superconducting wire; a 
theoretical treatment is possible but has not yet been 
performed. 



confinement on 1D superconductivity.The nanowires studied to date are in the1D limit in the sense that 
their width is smaller than the phase coherence length, but the effect of confinement is otherwise 
negligible. Long nanowires will enable an investigation of a direct transition from an insulator into a 
superconductor in some regions of the phase diagram, where the wires are long enough that the normal 
state is insulating due to Anderson localization, but not so long that the superconductivity is also fully 
destroyed. An identification of this regime will open the possibility of studies analogous to those carried 
out for superconductor to insulator transitions in 2D films. 

The fiber platform allows for fabrication of coupled parallel wires with either two spatially separated 
parallel wires or two coaxial wires. Furthermore, these wires can be contacted separately, and one can 
control the amount of direct charge tunneling between them. This will allow the study of drag effects 
where a current flowing in one wire is predicted to induce a current in the adjacent wire as a result of 
inter-wire momentum relaxation by Coulomb interaction (or van der Waals interaction). If the other wire 
has no current drawn from it, a voltage will be induced, allowing a measurement of the “drag resistance.” 
Drag resistance is a very sensitive probe of interactions. While drag in two parallel 2D layers has given 
rise to much more interesting physics, very few measurements have been performed in 1D.The ability to 
make long 1D metallic wires gives us an opportunity to make sensitive measurements, as the induced 
voltage is proportional to the length of the wires.We consider three different cases. First, suppose that 
both wires are in the normal metallic state. If we consider Fermi liquid behavior in each wire, as 
appropriate for relatively larger diameters, then the detailed dependence of the drag resistance on the 
separation between the wires can be calculated and it has been predicted that the drag current is in the 
same direction as the driving current. In the 1D limit, when the Luttinger liquid behavior is relevant, 
theory predicts that the drag effect is actually stronger, diverging at zero temperature (because of a 
locking between the two Luttinger liquids), and following a power law dependence on the temperature 
determined by the Luttinger liquid parameter; detailed predictions can be made for the dependence of 
drag on the separation. Indeed this may be one avenue for us to confirm the presence of Luttinger liquid 
behavior. Second, imagine that both wires are in the superconducting regime. It has been predicted that a 
supercurrent in a superconducting wire will also induce a supercurrent in a parallel, spatially separated 
superconducting wire. Such an effect has not yet been confirmed. The third case of interest is one normal 
wire and one superconducting wire; a theoretical treatment is possible but has not yet been performed. 
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IRG 4: Electromagnetically Coupled Nanostructures 
Faculty Participants: D. A. Allara, J. V. Badding, A. Borhan, V. Crespi, V. Gopalan, T. E. 
Mallouk, Z. Liu, T. S. Mayer, D. H. Werner 
Graduate Students and Postdocs: R. He, Z. Jiang, D. Keefer, B. Keshavarzi, S. Kubo, X. 
Liang, L. Lin, J. Liou, J. Sparks, N. Sullivan, S. Yun, Y. Yuwen, X. Wang 

Non-MRSEC Funded Participating Researchers: O. Cabarcos, J. Calkins, N. Healy, P. 
Mehta, A. Peacock, P. Sazio, N. Vukovic, H. Yoon 

This IRG has made significant progress in designing and fabricating in-fiber and planar 
nanostructured devices, which are being used to manipulate and channel electromagnetic (E-M) 
radiation across the spectrum. Semiconductors and metals have been integrated in the extreme-
aspect ratio pores of microstructured optical fibers and new all-fiber optoelectronic and na-
noscale imaging devices that exploit E-M coupling at dimensions down to the nanoscale and 
lengths up to meters are being developed. Genetically-inspired feed forward design methods are 
being used to create planar metallo- and all-dielectric nanostructures with user-defined E-M scat-
tering. New passive and active (e.g., tunable) infrared and visible devices including wavelength-
selective filters and mirrors, and entirely new materials with customized refractive indices in-
cluding zero and negative index have also been realized. 

In-Fiber Devices Via High Pressure Chemical-Fluid Deposition:  The controlled hierarchical 
assembly of individual nanoscale elements such as quantum dots and nanowires into high-
quality, precisely designed functional materials and devices provides a compelling challenge in 
nanoscience.  IRG4 researchers use optical fiber templates consisting of precisely structured 
arrays of nano/micropores to organize metals, semiconductors, and molecules that can be 
electromagnetically coupled with each other and to exterior structures in many useful ways.  
Using high-pressure chemistry, we have previously shown how Si pin photodiodes that detect 
visible wavelengths can be fabricated in optical fiber pores.  We have now developed the high-
pressure materials chemistry to make Pt/n-Si Schottky junctions (Fig. 1) that have the advantage 
of detecting light in the infrared region of the spectrum with 3 GHz bandwidth.  The "outside-in" 
nature of this template-based approach to annular junctions contrasts with the usual approach of 
depositing on the exterior of nanowires. Despite the inherently low quantum efficiency of Pt/n-Si 
junctions, the 0.6 mm length our device allows for strong 
photoresponse when light at wavelengths shorter than 1550 nm is 
waveguided in the n--Si layer. The responsivity is 1.4 mA/W, 
comparable to that of NiSi/n-Si waveguide photodetectors made by 
conventional techniques.  This work, recently published in Nature 
Photonics, attracted considerable attention in the popular and 
scientific press (e.g., Materials Research Society Bulletin, PCWorld, 
IEEE Spectrum etc.) because it represents a significant step towards 
new types of 1-D lasers, detectors, and modulators seamlessly 
integrated into and coupled within optical fibers. 

The direct coupling of the light in a silica single mode optical fiber 
(SMF) core (typically ~8 μm in diameter) to on-chip waveguide 
semiconductors photodetectors, for example, is subject to significant 
impedance mismatch and poor modal overlap because of the large 

 

Fig. 1. Pt/n-Si Schottky junc-
tion layered into a silica MOF 
pore by high pressure chemical 
fluid deposition. Scale 5 μm.   
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differences in refractive index and size 
between them.  In contrast, patterning a 
junction into a single capillary hole in a silica 
fiber template (Fig. 2) enables novel 
electromagnetic coupling scheme in which 
light is seamlessly and efficiently coupled 
from the glass fiber core to unbound modes 
of the semiconductor device.  The loss 
spectrum reveals the (desired) increase in 
loss due to absorption by the junction 
structure when fiber modes couple to it. 

Germanium Core Waveguides:  Infrared 
(IR) imaging with high resolution is of in-
creasing importance in research areas such as chemical sensing, biomedical diagnosis, thermog-
raphy, non-destructive testing and astronomy. Contemporary high-resolution infrared imaging 
tools are based either on solid immersion lenses (SIL) or near-field scanning techniques, or a 
combination of both. The SIL offers diffraction limited imaging over larger areas with high opti-
cal throughput, while near-field technique offers excellent resolution beyond the diffraction lim-
it, but with low optical throughput and longer acquisition times. For far-field infrared imaging, 
flexible fiber-optic bundle endoscopes are a preferred technique for rapid imaging of specimens 
with restricted optical access in a minimally invasive manner. The incumbent technology for IR 
imaging between 2 to 10 μm wavelengths using coherent fiber-optic bundles is based on arrays 
of either hollow metallic or chalcogenide core waveguides. These imaging bundles operate over 
a broad wavelength range, but have been limited to modest pixel sizes of the order of 50-100 µm. 
Therefore, there is a need for low-loss, broadband im-
aging systems with high resolution at mid-IR wave-
lengths.  

We have recently demonstrated an IR imaging system 
with at least 2 μm resolution based on semiconductor 
waveguides deposited in silica tapered optical fiber 
templates. Germanium and silica waveguides were 
used to demonstrate imaging at wavelengths of 10.64 
µm and 1.55 µm respectively. The essential features 
of the imaging system such as isolation between adja-
cent pixels, magnification, optical throughput, and 
image transfer characteristics were modeled and char-
acterized. Near-field scanning at 3.39m wavelength 
using a single tapered Ge core is also demonstrated 
with a sub-wavelength, sub-diffraction resolution of 
~2 m.  These are first-of-their kind imaging devices 
demonstrated so far, with high resolution, throughput, 
and magnification. 

Extending Chemical-Fluid Deposition:  IRG4 has 
pioneered a high pressure deposition process to grow 
metals, semiconductors, and dielectrics in spatially 

 

Fig. 3. (a) Optical micrograph of a tapered silica 
capillary with a Ge core. (b) SEM of a tapered 
fiber with a ~1.2 μm Ge core (inset). (c) 
Conventional visible optical micrograph image 
of the mask (top), and the corres-ponding near-
field infrared scan (bottom) of the Cr-edge in the 
nominal contact geometry (probe-sample 
distance, dps~0), and in non-contact geometry 
(dps~3μm). 

 

Fig 2. Experimental loss spectrum for x-polarized light 
launched into the SMF that couples with the junction. In-
set: Junction integrated into an optical fiber can be 
seamlessly coupled with a conventional SMF. 
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confined MOF geometries. 
Through our research it has be-
come clear that a very different 
set of rules for realizing well-
developed structures applies 
when the mean free path for mol-
ecules is ~1 nm and the spatial 
dimensions of the reaction cham-
ber are nanometers to microns.  
We are continuing to develop this 
deposition technique through a 
combination of modeling and ex-
periment.  For example, plasma enhanced deposition provides a route to materials such as dia-
mond that have optical and mechanical properties that would be useful to exploit in a fiber ge-
ometry. We have realized well-controlled, stable plasmas excited by radio frequency biases in-
side the pores of optical fiber templates.  We have also extended the range of high pressure con-
fined deposition to planar geometries by employing closely spaced parallel plates instead of fiber 
pores as the reaction chambers.  This has allowed us to deposit materials such as doped hydro-
genated amorphous Si to make planar Si solar cells.  The advantage of this approach includes its 
simplicity in not requiring a large area plasma, its very high space efficiency, and its ability to 
convert silane precursor to Si with 100% efficiency. In contrast, conventional deposition ap-
proaches waste more than 2/3 of the expensive and valuable silane precursor. 

Optical Metamaterials: This year we made significant progress in studying ways to overcome 
limitations in the field of optical metamaterials, such as bandwidth, loss, field of view (FOV), 
bianisotropy, and characterization techniques. As part of this effort we explored dispersion engi-
neering techniques and applied them for the first time at optical wavelengths to develop a broad-
band negative- zero- positive- index metamaterial (NZPIM) that uses multiple magnetic reso-
nances to maintain a matched impedance and high transmission as the refractive index varies 
from negative unity, through zero, to positive unity (see Fig. 4). This metamaterial forms a high 
quality passband filter function over the 3µm to 3.5µm band, which we demonstrated experimen-
tally. We further designed and simulated the response of 
a polarization independent, beam-steering prism based on 
this metamaterial that steers an incident beam from 0° to 
24° as the wavelength changes across the pass band re-
gion. We expect that this dispersion engineering design 
technique will become a primary approach in the future 
for overcoming loss and bandwidth limitations in practi-
cal optical metamaterial-enabled devices. 

In addition to tackling loss and bandwidth, we have also 
focused on improving the field-of-view (FOV) in met-
amaterials. To this end, we have successfully designed, 
fabricated, and tested optical electromagnetic bandgap 
(EBG) metamaterial coatings with near-perfect absorp-
tion. In Fig. 5, the measured reflectivity, shown for vari-
ous incident angles, are below 10 dB in bands at both 3.3 
μm and 3.9 μm over a wide FOV of up to ±50° from 

 

Fig. 4. (top) Dispersion engineered metamaterial filter with a matched 
impedance and high transmission over a broad bandwidth. (bottom) This 
metamaterial was proposed for a polarization independent beam-steering 
prism that steers from 0° to 24° with increasing wavelength. 

 

Fig. 5. Measured reflectivity of a conformal 
mid-IR dual-band absorber for several inci-
dence angles. (inset) SEM images showing a 
fabricated unit cell and corresponding met-
amaterial. Scale = 1.8 µm. 
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normal incidence. The structure, shown in two insets, is 
composed of a Au back plane, a thin, flexible polyimide 
insulating layer, and a two dimensional periodic array of 
Au stub-loaded H-shaped nanopatches. The structure is 
conformal and maintains its absorbing properties inde-
pendent of the supporting material.  

Perfect mirrors serve as critical components in optical 
systems. Conventional mirrors are primarily made of 
noble metals that give rise to an out-of-phase reflection. 
To miniaturize system size, in-phase reflection is pre-
ferred, which can be theoretically achieved by perfect 
magnetic conductors. Several efforts have been reported 
in the microwave range on the realization of artificial 
magnetic conductors, but very little has been reported at 
optical wavelengths. We have completed the design, fab-
rication, and characterization of a high-performance arti-
ficial perfect magnetic mirror at near-IR wavelengths (see Fig. 6). Dielectric resonator arrays are 
used because they provide low loss, facilitating a nanostructured mirror with near-unity reflectiv-
ity and a near-zero reflection phase. This new type of optical mirror not only extends the func-
tional realm of metamaterials, but also can find a wide variety of applications in nano-scale pho-
tonic systems. 

Previously, anisotropic effective medium parameter tensors have been used to describe the bulk 
properties of optical metamaterials at normal incidence. However, it has been demonstrated that 
the asymmetry of these metamaterial structures in the direction of wave propagation, caused by 
the tapered side walls and/or a supporting substrate, introduces additional bianisotropy. We ex-
perimentally verified the substrate-induced bianisotropy at op-
tical wavelengths by measuring the scattering parameters for a 
fishnet metamaterial mounted on a substrate from both sides. 
The bianisotropic effective medium parameters were then ex-
tracted, showing a magnetoelectric coupling parameter with 
non-zero values at the resonances. The measured results agree 
well with theoretical predictions (Fig. 7), thus confirming the 
bianisotropy introduced by the substrate. This experimental 
demonstration of substrate-induced bianisotropy provides use-
ful insight into both the characterization and control of these 
often overlooked properties of optical metamaterials. 

Aperiodic Arrays of Plasmonic Nanoparticles: We have in-
vestigated the near-field enhancement properties of quasicrys-
talline aperiodic Au nanoparticle arrays. These arrays lack the 
translational symmetry present in traditional periodic arrays, 
but they possess higher orders of rotational symmetries not 
possible in periodic structures. Aperiodic tilings provide much 
larger local field enhancements compared to periodic struc-
tures, which is of interest in engineering surface-enhanced Ra-
man scattering (SERS) substrates because Raman enhancement 

 

Fig. 6. Simulated and measured reflectivity 
of a perfect near-IR magnetic mirror. (insets) 
SEM image showing a portion of the fabri-
cated sample and 3D unit cell. 

 

Fig. 7. Simulated (left) and measured 
(right) S-parameter amplitudes for a 
fishnet metamaterial. This demon-
strates substrate induced bianisotro-
py. 
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is proportional to the fourth power of the near-
field enhancement. Due to their higher order rota-
tional symmetry, field enhancements also show 
much less dependence on the polarization of the 
incident radiation. Fig. 8 shows the local fields 
for a Danzer aperiodic tiling of 80 nm diameter 
Au spheres illuminated with 550 nm light. This 
array has a 7-fold rotational symmetry and pro-
vides a maximum local field intensity of 13.6 
V/m, which gives a 13 fold SERS enhancement 
over a periodic array with similar properties (max 
enhancement of ~7.24 V/m).  We are exploring aperiodic tilings for broadband absorbers where 
the structures couple into hybrid modes with multiple periodicities. To support this effort, we are 
developing new global optimization strategies that can be used to effectively search for aperiodic 
structures with the highest absorption over the broadest possible bandwidth.  
Future Directions:  We will continue to develop our deposition chemistry to allow for new ma-
terials and structures with useful E-M properties.  We are refining our methods to fabricate lay-
ered structures such that their thickness can be controlled with great precision.  We have also de-
veloped methods to fabricate single crystals within fiber pores from carefully chosen chemical 
precursors. These single crystals will enable a new generation of waveguiding and junction based 
devices with properties superior to those possible with 
polycrystalline materials. By structuring with layers and 
single crystals in each template pore, a complex hierarchy 
can be realized. For example, coherent beam combining of 
laser light from an array of structures in a fiber template 
may then become possible. Layered semiconductor Bragg 
mirror structures that hold promise for ultra-high power 
lightguiding fibers and attosecond laser pulse generation 
through high harmonic effects are also being developed. 
The advantage of these structures over state-of-the-art fi-
ber polymer-based Bragg mirrors is that they are refractory 
and insensitive to damage from laser radiation.  

We are also exploring alternative electric-field assisted 
deterministic assembly methods to form heterogeneous 
nanostructures as building blocks for metamaterial and transformation optics (TO) devices. 
These techniques are being used to manipulate nanoparticles over large areas with fast response 
times, providing the potential to construct tunable, 3D, and/or anisotropic optical metamaterials.  
Nanoresonators with complex structures, (core-shell spheres, pyramids, or disks), respond to the 
non-uniform electric fields generated by external stimuli, and are driven from or attracted to 
predefined locations by the dielectrophoresis (DEP) force or electroosmosis to form a desired 
structure. Initial results showing closely packed 2D nanoparticle arrays as well as 3D vertically 
oriented nanoparticle chains are shown in Fig. 9. Efforts are underway to characterize the optical 
properties of these assembled structures. The use of electric field gradients and forces to 
deterministically assemble arrays of subwavelength resonators that are registered to predefined 
features on a substrate provides a unique opportunity to construct complex 3D optical structures 
that are not accessible using conventional top-down fabrication methods. 

 
Fig. 8 (left) Predicted field enhancement from aperi-
odic Danzer array of Au nano-spheres (dB scale). 
(right) Optical micrograph of fabricated aperiodic 
array of Au nano particles. 

Fi
g. 9. Optical micrographs showing electrical 
field assisted assembly of nanoparticles (a), 
(c), (d) and nanowires (b). 



Seeds 

Seed Program:  In the past year a new Seed project has been initiated in an open competition 
to potentially spark a new IRG looking forward to the renewal. The title of the Seed is “Defect 
Engineering of 2-D Sheets of Layered Materials.” Defects are usually seen as imperfections in 
materials that could significantly degrade their performance. However, at the nanoscale, defects 
can be exploited to generate novel, and useful materials and devices. Defects in layered systems 
not only include familiar lattice defects such as topological ring defects, doping functionalization 
sites, vacancies or edge defects, but also novel folding defects when 2D objects deform in the 
third dimension. In addition, these defects can be studied directly from the surface, unlike the 
embedded defects in traditional 3D materials. Intense research world-wide on isolated graphene 
sheets has revealed the promise of 2D (layered) systems in supporting novel defect-generated 
electronic, optical, chemical, magnetic and mechanical properties, but the true promise of these 
systems lies in extending these investigations to a broader spectrum of layered materials-
metallic, semiconducting or dielectric-outside the semi-metallic graphene ghetto. Structural or 
topological defects in 2D systems can generate new electronic, chemical, magnetic and optical 
properties that are absent in the pristine materials, such as metallic conduction in putative 
insulating h-BN sheets. Furthermore, stacking of diverse 2D sheets could produce novel 
heterostructures that cannot be grown by traditional epitaxial methods. Therefore, experimental 
control of defect type and location in diverse atomically layered systems needs to be studied and 
understood. Although defects in 3-D crystals have been studied at the micro-scale, a systematic 
study of defects in 2-D layered systems (outside 
graphene) has not been carried out. Furthermore, these 2-
D sheets of layered materials could yield 1-D 
nanoribbons and platelets whose edges are crucial in 
determining their physico-chemical properties. For 
example, the edges of single-layered BN (insulating in 
the bulk) could behave as a metal and emit electrons 
efficiently via a conducting edge and sulphur passivation 
could make BN nanoribbons metallic. An enormous 
number of opportunities await to tailor the physical and 
chemical properties of single atomic layers via defect 
engineering. 
By using chemical vapor deposition, the Seed team has 
recently been able to synthesize BN sheets and WS2 
triangular sheets. Furthermore, members of the team 
have performed extensive first-principles calculation in 
more complexed layered layered systems such as 
graphene, ZnO, and MoS2 nanoribbons. The calculations 
have explored the possibility of fine-tuning the electronic 
and magnetic properties of nanoribbons or faceted 2D clusters, by controlling their width, edge 
shape, and number of stacking layers. Doping, in addition to edge- and surface-functionalization 
of these layered materials and nanoribbons, are indeed crucial for controlling their physico-
chemical properties, and could yield to the observation of new phenomena that could result in the 
development of emerging technologies.  

Preliminary results of different 2-D sheets. (a) 
TEM and (b) HRTEM images of BN sheets. (c) 
SEM image and (d) structural model of WS2 
triangular sheets. 



Moses Chan engages visiting undergraduates 
from Bloomsburg  University during a lab tour. 

6.  Education and Human Resources  
MRSEC outreach and education programs strive to engage both participants and presenters in an 
exciting exchange of information, enthusiasm, and curiosity about science, technology, research, 
applications, and problem solving.  Targeted participants and presenters include audiences from 
all stages along the pipeline, with special efforts made to create opportunities for interactions and 
communications between these multiple and diverse audiences.  In an effort to bring awareness 
of new knowledge, current research, and the importance of the interdisciplinary cooperation that 
is inherent within the MRSEC itself, the themes and topics chosen for outreach programs and 
demonstrations often focus upon materials science and nanotechnology. Favorite MRSEC 
museum kit demonstrations and Nanoscale Informal Science Education (NISE) Network 
activities were often featured. 2012 records indicate that programs directly sponsored or 
supported by MRSEC engaged over 4,500 participants. 

Including and engaging the faculty, research associates, postdoctoral fellows, and graduate 
students is a top priority. Outreach and education programs are essential to professional 
development because they create and/or improve the following: communication skills; positive 
relationships with local community groups, schools, and 
educators; networking opportunities to form broader 
interdisciplinary connections both within and outside the Penn 
State research community; the discovery of new mentors; a 
culture that deeply values scientific literacy and education. 
Therefore, one of MRSEC’s stated goals is for all faculty, 
researchers, post-docs, and staff to volunteer at least 12 hours 
towards outreach projects per year. Through the many 
opportunities, programs, and events that MRSEC sponsors 
and supports throughout the year, as well as efforts that 
members pursue on their own initiative, a positive impact is 
made on both the participants and the presenters.  

Educational professional development opportunities also exist within the MRSEC culture, as all 
MRSEC members are expected to attend and participate in the weekly Monday Seminar.  
Whether as a presenter or audience member, the experience of explaining and clarifying 
important concepts, being exposed to new questions and ideas, and collaborating with an array of 
interdisciplinary expertise, the Seminar provides a tangible and important forum for potential 
seeds of inspiration and shared excitement about the ongoing progress of current projects. 
 
Museum Show Partnership with the Franklin Institute 

The longstanding collaborative partnership between the MRSEC 
and The Franklin Institute (a science museum in Philadelphia) 
resulted in the final completion and distribution of the fourth 
museum show titled Hidden Power.  This cart-based exhibit 
features 8 demonstration activities that focus upon the 

conversion of various sources of energy to create electricity (or vice versa):  Sources of Power, 
Turbines, Solar Panels, Batteries, Thermoelectricty, Piezoelectricity, Light Bulb Efficiency, and 
Light Emitting Diodes. All demonstrations are designed to be a hands-on experience for the 
visitor. They begin with an attention grabbing macroscopic example of the concept and are 
followed by a physical model and explanation on the nano or atomic scale.  In addition to 



contributing initial inspiration and ideas, feedback during the development process, and ongoing 
technical oversight for accuracy, MRSEC faculty and graduate students also assisted in writing 
Fact Sheets to accompany each demonstration.  Each two-page Fact Sheet provides information 
beyond the scope of the demonstration itself, and highlights current related research occurring 
within the MRSEC and broader Penn State community.   

At a time when finding sustainable energy sources and reducing energy waste are of vital 
importance to our society, the Hidden Power exhibit has been met with tremendous enthusiasm 
and interest.  Additionally, MRSEC faculty and graduate students participated in the final 
training meeting with staff from the 16 recipient museums.  The chosen recipient museums 
represent a broad and diverse array of geographical locations, socioeconomic and ethnic 
populations, and museum sizes. During the 2012 calendar year, these museums will engage their 
visitors with these 8 demonstrations and measure their impact upon visitors.  Two versions of the 
kit reside at Penn State, and therefore these demonstrations will be used and featured extensively 
by MRSEC members during the many upcoming outreach events in 2012 as well. 

The history of the Center’s partnership with The Franklin Institute (TFI) now claims four 
accomplishments: Materials Matter (2003); Nano-Bio: Zoom in on Life! (2005); Small Wonders 
(2008); Hidden Power (2011).  However, MRSEC members have already started on the next 
(and fifth) exhibit.  A brainstorming meeting during December 2011 resulted in the seeds of a 
newly chosen theme: Portable/Handheld Electronic Devices.  This kit will be developed over the 
coming year, with the goal of distribution to recipient museums during the fall of 2013. 

Public Outreach Events 
 
During 2011, MRSEC both continued and expanded its involvement in multiple outreach events.  
For volunteer presenters, these events created a sense of enthusiasm, camaraderie, and 
inspiration.  One graduate student said, “In the lab, you are often by yourself and there are many 
times when things don’t go right, day after day.  This can sometimes get discouraging and make 
you feel like you’ve got nothing to offer.  But when you get out there and talk to people, you 
realize that you actually do have a lot to share. Outreach reminds me that I have learned a lot 
and it provides me with the opportunity to share what I have learned with others. I can spread 
my enthusiasm for science.”  Additionally, these events strengthened relationships with the 
multiple science outreach partners with whom the Center collaborates. 
 
The following programs and events reached public audiences:   

Penn State THON’s Make a Science Wish: MRSEC graduate students provided hands-on 
science activities for 24 family members of children dealing with childhood cancer during Penn 
State’s annual fundraiser for the Four-Diamonds Fund, the largest philanthropy of its kind in the 
country; 

Exploration Day: The Center staffed 18 volunteers to do eight engaging materials science 
activities at this popular annual local event that exposes many young families and community 
members of all ages to the many STEM groups that exist locally (~2000 attended the event); 

Pennsylvania Junior Academy of the Sciences: MRSEC members were judges at an annual 
state science competition where more than 3000 high school students from the state of 
Pennsylvania presented their science projects, answered questions, and were judged for prizes;  



Penn State fans enthusiastically 
learn about thin films at the 

  

More than 1100 people participate in six 
materials science activities and build a giant 
scale model of a carbon nanotube. 

The Philadelphia Science Festival: MRSEC assisted Science-U staff and Science Lion Pride 
undergraduate students at a new (occurring for the first time in 2011) annual two-week event 
funded though NSF (Grant No. 0840333) which includes an exciting one day outdoor festival of 
science educational activities, demonstrations, information, etc.; Despite miserable weather and 
an early closing, more than 325 children (preK-12, not including parents, etc.) engaged in the 
science activity at the booth (approximately 10,000 attended the city event); 

Central Pennsylvania Festival of the Arts - Kids Day: MRSEC 
graduate students, faculty, and staff (30 volunteers) worked in 
teams with 33 REU students and ~40 Upward Bound Math and 
Science (UBMS) high school students to present six nano and 
materials science themed booths at this annual one day community 
event attended by ~8000 people, with more than 1100 children 
counted at the science activities; All volunteers were trained in 
advance of the event; The mixed teams were purposefully 
structured to provide opportunities for potential networking and 
mentorship relationships to develop between volunteers; In 
partnership and support of a new local children’s science museum 
(Discovery Space of Central Pennsylvania), families were also encouraged to complete a science 
passport and an at-home experiment (reporting their results online) to become eligible for a 
prizes sponsored by Science-U and The Franklin Institute; 

Girl Scouts:  At a fall workshop hosted by Graduate Women in Science (GWIS), MRSEC 
graduate students presented materials science demonstrations in a session titled 
“Nanotechnology” to assist girls in earning there “Why in the World” patch (~35 upper 
elementary and middle school girls); At a summer space and astronomy themed weekend, 
MRSEC staff (and an interested undergraduate from the Society of Physics Students) engaged 
girls and their leaders in an outdoor “sense of scale” exercise in which a scale model of the solar 
system was then compared to a related sense of scale exploration on the micro and nano-scales. 

Penn State “TailGreat”: During September 2011, in partnership with Penn State Athletics, 
Center members and student athletes (enrolled in STEM majors) engaged over 100 children and 
their families in three interactive science activities prior to a Penn 
State home football game; A group of child participants and student 
athletes were also featured guests at the pre-game pep rally and 
applauded for their pursuit of scholarship and interest in science 
(attended by ~3500 fans); Following the event, an at-home science 
challenge (“Will a golf ball float in the ocean?”) was promoted by the 
Nittany Lion Kids Club online (25 families submitted results); And as 
a result of this event, MRSEC learned that a neighborhood science 
club formed when a Kids Club member and her mother started talking 
about the science challenge at their morning bus stop. In response to a 
January 2012 follow-up email, the mother stated: “As for our Bus Stop Science Gang (love it), we 
have completed 5 separate days … we're gearing up again soon … We have up to nine kids from 
pre-school to 5th grade, and we've blown up marshmallows in the microwave, made raisins 
dance in seltzer and have had blow-dryer/ping pong ball contests to name a few.”  



In 2012, the MRSEC will continue to participate in the annual events listed above, as well as 
support and explore new opportunities that may originate as a result of evolving partnerships.  
However, the Center has also committed to taking the lead on two brand new outreach programs: 

NanoDays: As a recipient of the 2012 NISE Net kit, the MRSEC will partner with the Discovery 
Space of Central Pennsylvania children’s science museum to host 4 children’s workshops, a full 
day teacher workshop, and an evening Science Café during the week of March 24 – April 1, 
2012; Additional collaborators thus far include the Eberly College of Science Outreach Office, 
the Materials Research Institute (MRI), and the Center for Nanotechnology Education and 
Utilization (CNEU).   

Women in STEM Mixer: In order to better impact a population targeted within the Diversity 
Strategic Plan, the MRSEC has adopted a previously successful program from Penn State’s 
Women in the Sciences & Engineering (WISE) Institute (which no longer exists due to budget 
cuts); the mixer strives to engage faculty, research associates, post-docs, graduate students, 
undergraduates, and interested community and industry representatives in a facilitated and 
structured networking event to be held at the new Millennium Science Complex Building, home 
of the MRI. 

Center County Youth Service Bureau: In support of an initiative by a faculty member at the 
Materials Characterization Lab at the MRI, the MRSEC will assist in delivering monthly one-
hour programs to expose middle and high school at-risk youth to opportunities, experiences, 
facilities, instrumentation tools, and potential careers in the fields of materials and nano-scale 
science. 

K-12 Programs 
 
Due to the nature and structure of the Center, as well as the location of its facilities and members, 
outreach and education efforts that strive to directly reach and target K-12 audiences occur as a 
result of MRSEC partnerships with existing K-12 specific programs, as well as relationships that 
have evolved with teachers, parents, and school administrators.  The following programs are 
supported by the MRSEC: 
 
Science-U Summer Camps: Continuing a strong and long partnership, MRSEC contributed to 
two camp programs, Science Leadership (25 high school students) and Jr. Science Sleuths (50 
2nd and 3rd graders); Overall support included assisting with curricular content, providing 
financial and staff support, and assisting with the recruitment of high school applicants from 
underserved and underrepresented groups for 7 MRSEC funded camp scholarships; MRSEC 
members also hosted a group of leadership campers for their group project and hosted a lively 
interactive mixer event, which has become an annual highlight of the Leadership camp;  

Park Forest Middle School STEM Fair: MRSEC graduate students and post-doctoral fellows 
presented short materials science demonstrations and talked to young students at a local school 
event that engages and exposes students to current science topics of interest, local opportunities, 
and future careers in STEM fields (980 students enrolled);  

Ferguson Elementary Science Fair: MRSEC staff engaged the Society of Physics Students 
(SPS) to honor a request received by a local elementary school to demonstrate static electricity 
with a Van der Graff generator at the annual science fair attended by more than 50 students, plus 
their siblings and parents;  



Science-U BOOt Camp: Graduates students volunteered to assist Science-U at this extremely 
popular annual Halloween (& Harry Potter) themed science program for 80 kids in upper 
elementary and middle school grades;  

Discovery Space of Central Pennsylvania: Utilizing the museum exhibits that were developed in 
partnership with the Franklin Institute, MRSEC graduate students provided and presented cart-
based demonstrations during the two inaugural opening events of this new local children’s 
science museum (July’s soft opening during the Arts Festival weekend saw 2,235 visitors, the 
Grand Opening debut on October 22nd reached ~900 visitors);  

Summer Experience in the Eberly College of Science (SEECoS):  In partnership with the 
tremendously successful Upward Bound Math and Science (UBMS) program (for low-income 
and first generation high school students from underrepresented and underserved populations), 
the SEECoS program provides a six-week hands-on research experience in a real laboratory 
setting; three MRSEC faculty members and their research groups each hosted a group of UBMS 
students and assisted them with their projects; 

St. Joseph’s Academy Catholic High School: In partnership with the Eberly College of Science 
Outreach Office, MRSEC graduate students informed, educated, engaged, and entertained ~50 
students, teachers, and administrators (at a small new Catholic high school that has limited 
resources) with a dynamic on-stage program that used multiple liquid nitrogen demonstrations to 
develop the basis of the Ideal Gas Law through the proper control of variables; Graduate students 
also talked personally with students about their science background and experiences, answered 
questions about school and career options, and encouraged students to consider scientific careers, 
interests, and knowledge. 

Undergraduate Research 
 
Research Experiences for Undergraduates (REU): The Center, in partnership with the 
Department of Physics, has been designated a REU site by the National Science Foundation 
Division of Materials Research (DMR 1062691). Undergraduate students majoring in physics, 
chemistry, material science, all branches of engineering, etc. and who have an interest in 
materials research were sought to apply. The student selection process involved an online 
application followed by the submission of 1-2 letters of recommendation and an official 
transcript.  Applicants were reviewed by a committee and the best were selected with an 
emphasis on finding minority talent.  
This program provided undergraduates the opportunity to participate in frontier materials physics 
and materials research at a major research facility. Students worked closely with a faculty 
member advisor, as well as graduate student and postdoctoral scholar mentors in their research 
groups. They experienced the challenge and excitement of a career in research (and sometimes 
the occasional frustrations, too). A team building event at the start of the program assisted in 
developing positive relationships within and between research groups.  Required attendance at 
weekly Seminars ensured that students were informed about the broader scope of 
interdisciplinary research, career opportunities and educational strategies, ethics issues, etc. 
Additionally, students were provided with valuable professional development opportunities and 
training through their involvement in the Central Pennsylvania Festival of the Arts - Kids Day 
event (described above), an educational trip to the Franklin Institute science museum (where they 
participated in a set of interactive activities to learn about the development, design, and 



implementation of museum exhibits, as well as the importance of continued efforts to engage 
public audiences through informal science education programs), and the large interdisciplinary 
Summer Research Symposium (a coordinated effort by several distinct summer research 
programs which required all students to present their summer research at a poster session and an 
individual 10-minute talk in an atmosphere that simulated a large professional conference 
experience).   
 
The MRSEC supported the following students: 

Name College or University Advisor Research Project Title 

Jacob Cox Lock Haven University Theresa Mayer Synthesis of Metal Microwires for Dielectrophoretic 
Assembly Studies 

Tyler Maunu University of Minnesota Twin 
Cities Jorge Sofo Localization of Energy States in Hydrographene 

 
The following MRSEC faculty hosted undergraduates in their laboratories: 

Name Student College or 
University Research Project Title 

Vincent Crespi Teresa Hamill University of 
Pennsylvania 

Free Energy Calculations for Binary Crystal 
Structures Under the Conditions in Neutron Star 

Crusts 

Venkatraman Gopalan  Aaron Foster Oklahoma Baptist 
University 

Germanium -Zinc Selenide Bragg Fiber for 
Transmitting 3.39 μm Infrared Light 

Tony Jun Huang  
 Armanj Hasanyan Virginia Institute of 

Technology 
UV Polymerization to Fabricate Different Shaped 

Microstructures 

Thomas Mallouk Carlos Baez Cotto University of Puerto 
Rico at Cayey 

Tailoring of Light Scattering in Composite 
Microspheres for Spectrum-Splitting Solar Cells 

Theresa Mayer Jacob Cox Lock Haven 
University 

Synthesis of Metal Microwires for Dielectrophoretic 
Assembly Studies 

Susan McKinstry Mary Burkey North Carolina State 
University 

PZT Piezoelectric Films on Glass Substrates for 
Gen-X Imaging Systems 

Suzanne Mohney Jennifer Hajzus Rensselaer 
Polytechnic Institute Low-Resistance Ohmic Contacts to p-Type GaN 

Nitin Samarth David Myers Covenant College Avalanche Behavior of Interacting Magnetic Nano-
islands 

Nitin Samarth Luis Pomales-
Velázquez    

University of Puerto 
Rico at Humacao 

Characterization of the Epitaxial Growth on Bi2Se3 
and Bi Thin Films on ZnSe 

Ayusman Sen Joshua Rosario University of Puerto 
Rico at Cayey Enzyme-Powered Nanomotors 

Jorge Sofo Tyler Maunu 
University of 

Minnesota Twin 
Cities 

Localization of Energy States in Hydrographene 

Darrell Velegol Elias Pabon University of Puerto 
Rico at Cayey 

Creating Flexible Colloidal Chains made from 
Flattened Spheres 

 
It is worthwhile mentioning that, in addition to the REU program described above, MRSEC 
faculty were also actively involved in several other summer research experience programs for 



undergraduates.  Two faculty members advised students in the Chemical Energy Storage and 
Conversion REU program hosted by the Department of Chemical Engineering, College of 
Engineering; five faculty members were advisors for participants in the REU and 3M programs 
hosted by the Department of Chemistry, College of Science; and two faculty members 
supervised students in the REU program in Soft Materials hosted by the Materials Science and 
Engineering Department, College of Earth and Mineral Sciences.  Successful interdisciplinary 
research requires awareness of, appreciation for, an interest in, and willingness for engaging a 
variety of expertise. The strong involvement by PSU MRSEC faculty in these programs 
demonstrates the extent to which the Center is, directly and indirectly, exposing and promoting 
interdisciplinary research to the next generation of scientists and engineers. 

Please note that the statistics reported for the REU program are somewhat complex, since they 
involve an associated REU site grant, under which some of the students supported work with 
non-MRSEC faculty. The program is offered in an integrated fashion and all students – 
regardless of mentor – participate in the same career development activities. The students listed 
above are those that work directly with MRSEC faculty. The numbers reported in Appendix C 
(Number of Active Participants) includes all students in the REU program, and breaks out the 
number with direct MRSEC support in a separate column. The numbers reported in the Diversity 
section similarly include the entire REU site program (many of these diversity students are 
mentored by MRSEC faculty); to find the numbers of these students with direct MRSEC support, 
please refer to Appendix C.  
 
Opportunities for Teachers 
 
Research Experience for Teachers (RET): In partnership with the Department of Physics, 
which has been designated a RET site by the National Science Foundation Division of Materials 
Research (DMR 1062691), and MRI’s NanoFab facility, a member of the National 
Nanotechnology Infrastructure Network (NNIN), the MRSEC provided multiple avenues of 
support for the program. MRSEC postdoctoral fellow, Francelys Medina, coordinated all aspects 
of the application and selection process, matched faculty advisors and projects with teachers, 
confirmed seminar speakers, implemented formative and summative evaluations, provided 
ongoing logistical and personal oversight as needed, and successfully secured a brand new bonus 
for participating teachers: 3.5 graduate credits from Penn State, as well as 30 hours of 
Pennsylvania Act 48 credit. Additional MRSEC support included faculty advisor participation, 
funding for project materials, staff support for preparing presentations at the Summer Research 
Symposium, and coordinating the REU/RET trip to the Franklin Institute science museum.  At 
the core of Penn State’s RET program is a focus and emphasis on conducting research, as 
teachers engaged primarily with faculty and research groups in their laboratory settings.   
 
The following teachers participated in the RET program:  

Name School District Advisor(s) Research Project Title 

Heath Stout 
State College Area 

School District, 
Pennsylvania 

Christine Keating 
Steven Keating 

Assessment of Inhibition of Bacteria by Silver 
Colloid-Impregnated Bandages 

Elinor Graf 
Saint Hubbert High 
School For Girls, 

Pennsylvania 

Christine Keating 
Steven Keating 

Assessment of Inhibition of Bacteria by Silver 
Colloid-Impregnated Bandages 



Middle school girls build and calibrate 
colorimeters to be used school-wide in 
future science investigations. 

Douglas Brown Haverford High 
School, Pennsylvania Scott Phillips Microfluidic Devices Made out of Paper for 

Point-of-Care Diagnostics 

Idellyse Martinez 
Christian Military 

Academy,  
Puerto Rico 

Michael Lanagan 
Thomas Neuberger 

Simulation and Characterization of Novel 
Antennas for MRI 

Jose Castro Genesis School,  
Puerto Rico John Asbury Energy in Light 

William Hughes 
State College Area 

School District, 
Pennsylvania 

Daniel Sykes 
The Construction of a Colorimeter and 

Fluorometer to Measure the Optical Properties 
of Nanoparticles 

 
 
Mini-Grant: Due to the enthusiasm that developed as a result of his 
strong, positive RET experience, William Hughes, immediately 
implemented his summer project in his classroom with the assistance 
of MRSEC outreach funding for the materials he needed. In his 
Technology Education class (an elective course in which half the 
students are female, a common number which speaks volumes about 
his efforts to steer females towards STEM career pathways), 19 
students assembled and calibrated colorimeters that ~300 8th grade 
students will utilize for wet chemistry, nano-scale prism and particles 
investigations during spring 2012 science classes. This project will 
also be presented at the Biannual Conference of Chemical Education 
(BCCE) occurring in August 2012. 
 
Evaluation & Assessment 
Keeping thorough and accurate records of all outreach events was a primary focus this past year. 
Being able to assess impact on both presenters and participants, as well as acknowledge and 
recognize the contributions made by MRSEC members, is of utmost importance.  Developing a 
culture that actively participates in outreach and education programs, as well as values and 
understands the importance of them, requires opportunities for these experiences to occur, 
support for their implementation, appreciation and recognition of the efforts made by volunteers, 
and some form of assessment or evaluation of every program.  When all of these pieces are 
systematically in place, willing and enthusiastic involvement develops, and judgments can be 
made to improve or alter efforts as appropriate.  Records indicate that involvement and 
engagement by MRSEC faculty, research associates, postdoctoral fellows, and graduate students, 
is growing.  Feedback from volunteers after each event or program was collected to gauge 
perspectives on impact, effectiveness, and ideas for improvement.  All volunteers also earned 
and received token awards in appreciation and recognition of their efforts. 

Both the REU and RET programs associated with the MRSEC collected extensive summative 
and formative evaluation data.  The REU program completed an initial background survey, two 
summative progress surveys to assess the program while in progress, and a final post-survey.  
The RET program participated in a multi-site evaluation program conducted through Columbia 
University.  Positive highlights include a definite sense of the worthwhile benefits of having 
research experience, as well as a better understanding of how independent and self-motivated 
one needs to be in order to produce in such an environment.  



In an effort to continue to improve the Center’s evaluation and assessment efforts, the MRSEC 
has committed to participate in the 2012 Evaluation Planning Partnership with the Cornell Office 
for Research on Evaluation under NSF Award No. 0814364.  The program involves a phase II 
trial of the Systems Evaluation Protocol for Assessing and Improving STEM Education 
Evaluation, where participants will pilot a self-guided, online version of the program known as 
the mySEP.  Additionally, the Center has written a letter of support to Robert H. Tai (Curry 
School of Education, University of Virginia) for his NSF proposal regarding new evaluation 
tools for STEM education entitled “Project FOCIS: Framework for Observation and 
Categorization of Interest in Science”.   In the event that this project is funded by NSF, the 
Center will utilize these survey instruments within our programs and engage in data collection. 



Postdoctoral Mentoring Plan 

7. Postdoctoral Mentoring Plan 
The MRSEC hosts postdoctoral researchers in two distinct types of positions: research-focussed 
postdoctoral fellows and also education/outreach postdoctoral officers. These two positions have 
a distinct character, but share many common mentoring goals. We begin by describing the ele-
ments in common to both types, and then describe the elements that are unique to each.  
Each postdoctoral fellow, working in conjunction with appropriate lead faculty members (faculty 
research mentors or the Associate Director in charge of outreach), is expected to develop an In-
dividual Development Plan (IDP). The IDP outlines long-term career goals and short-term objec-
tives, identifies areas for specialized training, and facilitates effective communication of expecta-
tions between postdoc and mentors. The mentors provide the postdoctoral fellow with counseling 
tailored to his/her career goals in academia, industry or government. These plans are based on 
published best practices as presented in the National Postdoctoral Society mentoring toolkit. De-
pending on their interests and goals, the postdoctoral scholar is offered training opportunities 
ranging from research training to formal workshops, seminars, and informal mentoring. Key 
components of a mentoring plan include: 

• Introduction to the local environment and campus-wide resources available to support their 
research, teaching, outreach and professional development. 

• Participation in the Scholarship and Research Integrity program at Penn State to provide 
comprehensive training in the responsible conduct of research.  

• Participating in a brown-bag lunch series (sponsored by the Penn State Postdoctoral Society) 
where speakers discuss leadership, professional ethics, work-life balance, conflict resolution, 
career paths in and outside of academia, entrepreneurship, applying for positions and negoti-
ating start-up packages.  

• Presentions in MRSEC seminars to develop communication and presentation skills. 
• Guidance with regards to a journal club organized by the Penn State Graduate School to pro-

vide guidance on writing scholarly publications. 
• Travel to at least one professional conference each year to present the results of research, de-

velop professional relationships and network with colleagues. 
• Networking with leaders in academia and industry by meeting with them during campus vis-

its and at professional meetings. 
• Attending seminars and workshops on how to identify funding opportunities and write com-

petitive grant proposals that are offered by the Office of Postdoctoral Studies. Involvement in 
MRSEC-oriented proposal preparations at the Seed level and also related proposals (PREM, 
REU, etc.) 

• Participating in seminars on improving teaching effectiveness offered by the Schreyer Insti-
tute for Teaching Excellence. Examples include “Understanding and Engaging Today’s Uni-
versity Student” and “The Future of Textbooks in the Digital Age.” Postdoctoral scholars 
who intend to pursue academic positions are encouraged to teach at least one undergraduate 
course in their academic discipline during their time in the Center, and to obtain formal eval-
uations from their students. This is a particular focus for the postdoctoral education/outreach 
officers (as described below) but the opportunity is available to all.  

In addition, research-focussed postdoctoral fellows participate in regular IRG-level and smaller-
scale research meetings to present and discuss results, brainstorm future directions, and plan pub-
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lications. Research postdocs are intended to act as “glue” within an IRG, interacting across indi-
vidual research groups and thereby obtaining broad, interdisciplinary perspective and capabili-
ties.  
Education/outreach postdoctoral fellows typically have a distinct set of career goals, and our 
mentoring plan reflects these so that each postdoc can develop a compelling, balanced portfolio 
of experiences and accomplishments that cover the range of capabilities – teaching, grant writ-
ing, outreach, and research. To ensure that adequate mentoring is provided in in teaching, we 
target co-teaching environments, either as one lecture section in a multi-track introductory course 
or as one of two instructors co-teaching an upper-level undergraduate course. Further mentoring 
is provided in the joint preparation of grant proposals: one prior outreach postdoc successfully 
obtained an NSF Discovery Corp fellowship; another led the effort to prepare and submit a suc-
cessful REU site proposal. Future opportunities along these lines include the PREM, I-Corps, 
REU (renewal) programs and other venues. We also provide opportunities for education/outreach 
postdocs to maintain a research arm to their activities, hosted in a MRSEC lab. In this manner, 
they can build a compelling CV that demonstrates success in teaching, securing grant resources, 
publishing, and a portfolio of outreach efforts that span from museum/academia partnerships to 
designing curricula for summer camps, working with high school teachers, etc. In addition, all 
postdocs are encouraged and supported to attend disciplinary and professional development con-
ferences and workshops. As a measure of success, the last four education/outreach postdocs have 
all secured permanent teaching positions, and our prior instructor-level education/outreach man-
ager is now an associate dean.  
This mentoring program is assessed by regular discussion and feedback on each IDP as well as 
by the success in achieving career goals both during and following the postdoctoral fellowship. 
The Center Director consults on an annual basis with the primary faculty mentors of each post-
doc to monitor career progress and ensure that each postdoctoral fellow has a comprehensively 
supportive environment for career development. 
 



8. Center Diversity – Progress and Plans 
 
Broadening the participation of diverse individuals, institutions, and geographical areas within 
the Penn State MRSEC is a priority that guides multiple efforts and decisions.  The Center has a 
history of success in this area because it realizes the accomplishment of such a goal is an 
ongoing challenge that requires continuous and consistent attention by its faculty.  As a result, 
the Center has created a diverse membership and culture, as well as an environment that is 
encouraging, welcoming, and continuously seeking top talent from underrepresented and 
underserved groups.  Productive, effective, and successful interdisciplinary research requires the 
creativity, knowledge, expertise, experience, and unique perspectives of diverse collaborators 
who cooperate efficiently, work diligently, and value the individual contributions of each 
member.  The Center’s participation numbers by underrepresented minorities and women over 
the past eight years are summarized in Tables 1-4 below. While there is some year-to-year 
fluctuation because of the small number of individuals in each category, it is clear that progress 
has been made in engaging minority graduate students and postdocs.  The representation of 
female graduate students and postdocs, and female and minority faculty have remained roughly 
constant over the years.  The Center’s goal is not to just sustain the current participation of 
women and minorities, which is comparable to that of other centers in the MRSEC program, but 
to increase their percentages.  As a result, the Penn State MRSEC is working to engage in new 
programs, efforts, and strategies, while continuing the diversity efforts that have positively 
resulted in participation from these groups currently, and in the past.   
 
The geographical location of the Penn State MRSEC within Central Pennsylvania gives it a 
unique opportunity to impact a population that is underserved with opportunities, 
encouragement, and support to pursue success in STEM fields – the rural communities that 
surround State College. While not as often identified or historically connected to other 
underrepresented groups, and whose barriers to success are due more to cultural expectations and 
economic disadvantages than denial of access, this population is reachable and in need of 
outreach and educational support. As a result, the Center has been strategically seeking, 
developing, and becoming involved in new initiatives, programs, and partnerships that target, in 
particular, the young women and girls within these nearby communities.   
 
We live in a global society, however, and the Penn State MRSEC is fully aware that its diversity 
efforts must extend far beyond the local community.  The participation and engagement in 
MRSEC research, education, and outreach activities by diverse faculty, graduate students, 
undergraduates, K-12 teachers and students, communities, institutions, and industry partners 
from around the state, country, and globe are vital to both its own success, and its mission of 
making a broad, positive, and powerful impact.  Yet, while technology connects the world and 
opens doors of opportunities to receive and impart knowledge and to establish a far reaching 
variety of relationships and partnerships, the successful advancement of the next generation of 
scientists and engineers also requires singularity of focus and deep attention to detail.  Therefore, 
in addition to fostering and utilizing its current connections, the Center is also committed to 
engaging underrepresented minorities and women with a priority on depth as much as breadth. 
Balancing these sometimes competing strategies is vital to optimizing the Center's efforts and 
use of resources. Therefore, communicating and following an organized strategic plan, in which 



all its members are engaged, is the method by which the Penn State MRSEC plans to progress 
and expand the participation of women and underrepresented minorities. 
 
The tables below summarize the Center’s participation data within the last reporting period and 
historically. The longitudinal consistency of the numbers indicates the ongoing commitment and 
value placed by the Center on the importance of diversity.   
 

 2011 
Total Women Underrepresented 

Minorities 

Faculty 45 8 2 

Postdocs 9 1 1 

Graduate 
Students 52 15 4 

REU 13 5 3 

RET* 6 2 2 

Table 1: Summary of 2011 participants by category of Women and Underrepresented Minorities 

*Note:  RET information is not included in the longitudinal data tables below. 

 
 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Faculty 48 49 50 42 38 45 43 49 45 
Post 7 10 11 11 13 19 12 12 9 
Grad 34 49 36 40 38 57 46 56 52 
REU 26 34 32 32 20 21 20 18 13 

Table 2: Total Number of Penn State MRSEC participants by year and category 
 
 

 2003 2004 2005 2006 2007 2008 2009 2010 2011 
Faculty 7 10 9 8 8 11 10 7 8 

Post 2 5 4 4 7 7 4 3 1 
Grad 13 15 9 9 4 8 9 11 15 
REU 10 11 11 9 12 13 10 10 5 

Table 3: Number of Penn State MRSEC Women participants by year and category 

 
 2003 2004 2005 2006 2007 2008 2009 2010 2011 

Faculty 1 1 2 2 2 2 2 4 2 
Post 0 0 1 1 3 3 1 2 1 
Grad 1 1 2 3 3 6 6 7 4 
REU 3 2 6 11 12 10 10 4 3 

Table 4: Number of Penn State MRSEC Underrepresented Minority participants by year and category.  
 
 



Research Experiences for Undergraduates (REU):  Due to changes in funding levels available 
for REU students, fewer students were supported in 2011 than in previous years.  Despite the 
reduction in support, the selection committee maintained its commitment to diverse participation 
in the program.  The selection committee intends to stay focused upon this priority as it evaluates 
the pool of applicants for the coming year in both the REU and RET programs.  Additional 
efforts are being made to widen the pool of applicants and develop stronger ties to institutions 
and organizations that serve underrepresented groups. These efforts are described below. 
 
In cooperation with Alabama A&M University (AAMU), the Center submitted a collaborative 
proposal under the Partnerships for Research and Education in Materials (PREM) solicitation 
#NSF 11-562. A number of Center colleagues will partner with AAMU faculty in areas of 
mutual research interest within six sub-projects related to nanomaterials. Equipment and 
facilities will be available to partnering AAMU faculty and students for the successful 
completion of these collaborative projects. The partnership will also include an exchange of 
faculty and students, with special consideration to AAMU undergraduate students who are 
interested in the Penn State Physics-MRSEC REU program.  
 
The Center has also maintained a continued presence at national conferences hosted by 
organizations dedicated to the advancement of underrepresented minorities in science. Through 
school visits with faculty and students, networking with attendees, and giving talks and 
presentations, the Center worked to inform and recruit undergraduates to both MRSEC affiliated 
summer research programs and opportunities for future graduate studies. These meetings 
included:  MRSEC Directors/PREM meeting in Puerto Rico; Society for the Advancement of 
Chicanos and Native American in Science (SACNAS) conference in San Jose, California; 
Committee on Institutional Cooperation - Summer Research Opportunities Program (CIC SROP) 
conference at the Ohio State University; and the National Societies of Black & Hispanic 
Physicists (NSBP/NSHP) joint conference in Austin, TX. 
 
 
K-12 Initiatives:  Through the strong partnership that has developed with Penn State’s Science-U 
program, the MRSEC provided 8 scholarships to the Science Leadership Camp program for high 
school students.  The selected students were chosen from geographical areas with large minority 
populations (New Haven, CT and Philadephia, PA) as a result of new and established 
relationships with programs in these areas. Of the 8 recipients who attended, 5 were female and 5 
were underrepresented minorities. 
 
As part of a strengthening partnership between the MRSEC and the Summer Experience in the 
Eberly College of Science (SEECoS) research program for high school students, three MRSEC 
faculty each hosted a small group of minority students for a 6-week basic research project in 
their labs. The students are part of the tremendously successful Upward Bound Math and Science 
(UBMS) program (for ~40 low-income and first generation high school students from 
underrepresented and underserved populations).  These UBMS students were also placed in 
teams with REU students, MRSEC faculty, and MRSEC graduate students to participate in a full 
day of science outreach during the local Arts Festival Kids Day event. 
 



The Center’s Associate Director, Tom Mallouk, assisted in leading a one-day hands-on 
chemistry laboratory at the National Federation of the Blind (NFB) Youth Slam event in 
Baltimore (July 2011).  Approximately 50 high school students who were blind or visually 
impaired performed an experiment on freezing point depression in which they learned to use the 
talking tools developed in the Independent Laboratory Access for the Blind (ILAB) project at 
Penn State.  
 
Because of budget cuts, Penn State was forced to close its Women in Science and Engineering 
(WISE) Institute in 2011, and great concern was expressed by the local academic STEM 
community that it served.  Center members participated in the discussion and took action to fill 
the void.  In particular, MRSEC made the decision to adopt the Women in STEM Mixer program 
from WISE, and will implement it during the coming year. Also, as can be seen in the list of 
outreach events and activities in Section 6, specific efforts were made to partner (and initiate new 
connections) with organizations, programs, and events that focus upon female success in STEM. 
These groups include Graduate Women in Science (GWIS), the Girl Scouts, AAUW, and Penn 
State’s Commission for Women (CFW).   
 
 
Plans for the next reporting period:  The Center for Nanoscale Science will continue to 
emphasize and prioritize established, ongoing efforts to recruit and retain broad participation in 
its research and educational activities.  The Center’s key strategies for the coming year are: 
 

• Hold regular meetings of the MRSEC Diversity Committee and expand its connections 
and communication with diversity representatives, graduate admission committees, and 
REU selection committees within the interdisciplinary departments and colleges 
associated with the MRSEC  

• Continue to have an active presence at national conferences hosted by societies dedicated 
to the advancement of underrepresented groups in science; maintain and initiate contact 
with institutions who also serve these groups 

• Investigate the possibility of establishing and supporting a formal bridge program for 
incoming undergraduate minority and female students at Penn State who have expressed 
a commitment to the pursuit of a STEM major; seek opportunities to connect with current 
minority undergraduates to promote awareness about materials science as an important 
field of study and an exciting potential future career opportunity 

• Continue to implement and support programs and initiatives that target female 
involvement in STEM fields, careers, research opportunities, and Center activities; make 
efforts to connect women from various stages along the career path, and include men in 
the conversation  

• Continue to strengthen the collaborative outreach and education partnership that is 
currently developing with the Materials Research Institute as a result of their brand new 
state-of-the-art research facility; utilize this partnership as an opportunity to attract, 
support, and retain underserved minority and female students, postdoctoral fellows, 
research associates, and faculty 

• Assuming a successful outcome for the PREM proposal, establish and implement the 
proposed projects, visits, and faculty/student exchanges  

 



Knowledge Transfer 

9. Knowledge Transfer to Industry and Other Sectors 
The faculty of the Penn State MRSEC are engaged in a broad spectrum of activities with scien-
tists and engineers in corporate and government laboratories within the U.S., and in exchanges 
and collaborations with international academic partners. These interactions include research col-
laborations, presentations at workshops and conferences, and patents and software. The MRSEC 
hosts visiting scientists and plays a key role in the overall industrial/technology transfer infra-
structure of the University.  There is also strong international component to collaborative re-
search and outreach activities of the Center. 

Penn State is a significant performer of industry sponsored research and as such maintains re-
search relationships with companies and national laboratories across diverse fields. A key vehi-
cle for enabling these relationships is the industry sponsored research projects agreement, which 
has been executed with more than 50 of the University’s leading industrial research sponsors, 
including many that sponsor MRSEC research. These bilateral agreements streamline the negoti-
ation of individual sponsored research projects by addressing issues such as publication rights 
and intellectual property management in advance. In addition, in the past year Penn State has an-
nounced a new policy whereby the university will not assert IP rights over the products of indus-
trially sponsored research. This policy should greatly facilitate academic-industry partnerships. 

One of the important vehicles for collaboration with industry is the MRSEC’s Industrial Affili-
ates Program, now in its fourth year. Under this program, industrial sponsors become affiliate 
members of the Center by executing a sponsored research projects agreement and making a 
commitment to support sponsor MRSEC research at a minimum level of $25,000 annually, rep-
resenting approximately half the cost of a graduate student researcher. Matching support for the 
student is provided by the Center. Students and faculty mentors serve as Center liaisons to each 
affiliate member, while working on a research project of mutual interest. Ongoing communica-
tion between the affiliate member, the students and supervising faculty members are expected.  
Scientists and engineers representing affiliate members may co-direct student thesis research, 
and Center students also serve in internships with affiliate members. The Center also provides 
fellowships for scientists and engineers representing affiliate members. 

Research Collaborations with MRSEC Faculty 
Here we briefly highlight three industry interactions in the past year, and enumerate many of the 
other collaborative relationships that MRSEC faculty held with external partners in 2010. 
The IRG2 team on catalytic motors and pumps is pursuing potentially transformative research on 
the active pumping/transport of hydrocarbons within porous substrates. This work is supported 
by the Advanced Energy Consortium, which counts as members many of the major oil compa-
nies and oil services companies. It supports four graduate students within IRG2. The IRG has 
hosted industrial visits and has an active program of sample exchange with partners. 

IRG4 is pursuing a unique opportunity to producehigh-power infrared waveguides through depo-
sition of Bragg mirrors onto the inner surfaces of optical fiber pores, using the high pressure 
deposition techniques pioneered by the IRG. This work involves a small startup company, 
KMLabs, which is in need of such waveguides for high-harmonic coherent supercontinuum x-
ray generation. 

Current processors rely on Si CMOS circuits.  However, over nearly the last decade, there has 
been no significant improvement in the chip operating frequency.  This ultimately limits chip 
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performance.  A team at IBM has identified a possible means to circumvent this problem by us-
ing a piezoelectric materials to compress a piezoresistor, in which the electrical resistance is a 
strong function of pressure.  The Trolier-McKinstry group at Penn State is working with IBM to 
prototype such a system.  If success, the resulting device structure would enable significant im-
provements in both chip speed and in lateral device scaling. The research in IRG1 could be criti-
cal to making these emerging devices lead-free. 
Furthermore, IRG4 is in the preliminary stages of developing ZnSe fiber lasers with the goal of 
forming a company at a later date. Also, Gopalan in IRG1 consults for Crystal Research, Inc., 
Fremont, CA and Eastman Kodak, Rochester, NY. IRG3 worked with Bandgap Engineering 
(Waltham, MA) on the growth of silicon nanowires for intermediate band solar cell devices. 
IRG4 worked with Lockheed Martin on the development of transformation optics lens technolo-
gy. Needs for nanocar manipulation and single molecule spectroscopy in IRG2 led directly to 
modification of the STM software by RHK Technologies and its adoption in all its new systems. 

Workshops, Awards and Faculty Presentations 
Working with many MRSEC faculty, postdocs, and graduate students, The Franklin Institute 
(Philadelphia, PA) developed a kit of cart-based, hands-on museum activities called “Hidden 
Power: Energy, Electricity, and Efficiency.” Sixteen of these activity kits were produced and dis-
tributed to science and children's museums around the U.S. Vin Crespi, Darrell Velegol, and 
Kristin Dreyer assisted in training educators from the recipient museums to use the kits at a 
workshop in Philadelphia in October, 2011.   

Duming Zhang received the Young Scientist Award at 39th Conference on the Physics & Chem-
istry of Surfaces & Interfaces, Santa Fe, New Mexico, January 2012.  

TMS EMPMD hosted with two sessions at TMS 2012 Annual Meeting in honor of the Distin-
guished Scientist Award of Long-Qing Chen from IRG1. 

Susan Trolier-McKinstry from IRG1 was recognized by the Ceramic Education Council Out-
standing Educator award in 2011. 

Visiting Corporate and International Scientists: 
IRG4 hosted visitors from collaborators from University of Southampton Optoelectronics Re-
search Centre, including Pier Sazio, Noel Healy, Priyanth Mehta and Anna Peacock for research 
on fiber materials and devices. IRG 4 collaborates with Detlef Smilgies at the Cornell CHESS 
beamline on X-ray scattering and surface characterization. Additional international connections 
to diverse institutions are enumerated in the International Activities section. 
 
Industrial and Related Fellowships or Internships: 
Banafsheh Keshavarzi – Ph.D. in chemical engineering, Spring 2011, currently a postdoctoral 
researcher at Penn State.  She was selected to participate in the Ph.D. Career Development Pro-
gram at Air Products and Chemicals. She will join Air Products and Chemicals in July 2012. 
Helen He, a former MRSEC graduate student, is currently a Postdoc at the Advanced Light 
Source, Lawrence Berkeley National Lab. Rongrui He from IRG4 took a position at Intel. Sen in 
IRG2 has been made a Fellow of the Japan Society for the Promotion of Science for work on 
catalytic motors      
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10. International Activities 
The Penn State MRSEC has a substantial international component to its research and outreach 
program. In particular, the fiber-based research program in IRG4 benefits from a deep and long-
term relationship with the University of Southampton, with provides critical expertise on the fab-
rication of the fiber platform. In addition, IRG3 has strong connections to China, particularly 
since several alumni of this IRG3 have recently taken up permanent positions there. Further-
more, a new research direction in IRG2 using ultrasonically powered motors was initiated 
through interactions with collaborators in France. IRG1 also has several important relationships 
with international collaborators, as outlined below. The MRSEC has also committed to support-
ing an international workshop on first-principles materials computation in the next year. Specific 
international activities in the past year include the following: 

• Professor Tour from IRG2 was the Lady David Visiting Professor at Hebrew University in 
June, 2011. 

• Professor Lin He from Beijing Normal University working on magnetic and electronic 
properties of low dimensional systems is a facilities user working in collaboration with 
IRG3. 

• Mingliang Tian, Former Research Associate of IRG 3 has started his own group at the 
China High Magnetic Field Laboratory in Hefei, China. His research interest has strong 
overlap with IRG 3. He expressed an interest to continue to collaborate with IRG 3. This 
may involve exchange of students. Professor Tian also visits Penn state periodically. 

• Jian Wang, former post-doc of IRG 3 has assumed his position at the International Center 
for Quantum Materials as an Associate Professor of Physics in Peking University. His re-
search interests overlap that of IRG3 and there is a plan to send students from Peking uni-
versity to the MRSEC.    

• Tom Mallouk, along with graduate students Yang Wang and Wei Wang, worked with Drs. 
Mauricio Hoyos, Angelica Castro, Eric Clément, and Anne Rousselet at ESPCI and Uni-
versité Pierre et Marie Curie in Paris on a comparison of the movement of bacteria and cat-
alytic nanomotors in fluids and on the ultrasonic propulsion of nanomotors.  Mallouk visit-
ed ESPCI, and Hoyos and Castro visited Penn State to give seminars and perform experi-
ments. 

• Prof. Mario Pantoja from the University of Granada collaborates with IRG4 to develop ef-
ficient electromagnetic modeling tools for complex nanowire antenna structures based on 
time domain moment methods. There have been in-person visits in the past and currently 
the collaboration is primarily electronic. 

• Douglas Werner (IRG4) visited Queen Mary University of London, London, England, to 
participate in a “Workshop on Transformation Optics and Metamaterials”.   

• IRG4 hosted visitors from collaborators from University of Southampton Optoelectronics 
Research Centre, including Pier Sazio, Noel Healy, Priyanth Mehta and Anna Peacock for 
research on fiber materials and devices 

• IRG1 hosted a year-long visitor, Jiamian Hu from Tsinghua University in a collaboration 
on phase field modeling. 

• IRG4 collaborates with Michael Zharnikov at the U. Heidelberg, Germany and Detlef 
Smilgies at the Cornell, CHESS beamline on Xray scattering and surface characterization. 

• IRG1 collaborates with Anna Morozovska at the National Academy of Sciences, Ukraine 
on the analytical theory of ferroelectric domain walls. 
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11. Shared Experimental and Computational Facilities  
The MRSEC is closely integrated with the 
facilities of the Penn State Materials 
Research Institute (MRI), which include 
the Penn State Nanofab, the Materials 
Characterization Laboratory (MCL) and 
Materials Simulation Center (MSC). The 
MRSEC’s relationship to MRI and its 
associated facilities is illustrated in the 
chart at the right. This integration and 
coordination ensure that MRSEC’s 
investments in fabrication, characterization 
and computation have maximal 
institutional impact.  MRSEC faculty 
provide the leadership for many of these facilities, with Theresa Mayer serving as the Director of 
the Penn State Nanofabrication Laboratory and Jorge Sofo as the Director of the Materials 
Simulation Center. The MRSEC also works closely with the management of the MCL 
particularly as regards the MFRN effort and in the acquisition of major new equipment. The 
synergistic relationship among the MRSEC and these three user facilities also ensures that the 
strategic directions and investments of the core facilities are mutually beneficial and beneficial to 
the MRSEC research and educational missions. The MRSEC Central Facility Laboratory (CFL) 
dovetails with the MRI facilities, providing specialized instrumentation that primarily serves the 
research needs of the Center.  All three user facilities are not only integral to the MRSEC 
research programs, but are also integrated into the MRSEC Summer REU/RET as well as other 
outreach programs that serve middle school girls, teacher workshops, and at-risk youth. The 
MRSEC continues as a  component of the Materials Research Facilities Network (MFNR), 
providing access to facilities for partner institutions.  

Both the Nanofab and MCL are cost recoverable user facilities with rates defined on the basis of 
maintenance, repair and staffing in accordance with federal cost-accounting procedures and are 
reviewed annually by the Office of the Corporate Controller.  Both facilities are operated by 
professional full-time staff, who coordinate numerous educational and training activities which 
are highly integrated into formal courses offered by Penn State faculty. Beyond providing 
administrative leadership, MRSEC investigators play key roles in transferring cutting-edge 
research techniques to these widely accessible user facilities. External outreach is primarily 
accomplished via Penn State’s node of the NSF National Nanotechnology Infrastructure 
Network (NNIN), which supports professional staff who serve as liaisons with external industrial 
and academic users.  MRSEC faculty member Theresa Mayer directs the NNIN. MRSEC faculty 
provide input into strategic planning for the fabrication and characterization facilities through 
faculty steering committees and focus groups centered around specific types of instrumentation 
or processes (e.g. optical spectroscopy, lithography, electron microscopy). 

The MRSEC also supports the Materials Simulation Center (MSC), a University-wide facility 
providing education, support and research activities to help users incorporate simulation into 
their research programs, through regular contributions towards computational hardware. In 2011, 
the MSC sponsored several short courses and workshops on simulation/modeling software. In 
February/March of 2011, the MSC delivered an extended short course on “Density Functional 
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Theory and its Plane Wave Implementation”. These courses provide training to users of 
simulation code across the university, broadening accessibility to these tools. The MSC also 
hosts regular user group meetings organized around particular types of simulation, including, the 
Density Functional Theory User Group and the General RCC & MSC User Group. An effective 
sharing system managed and supported by RCC and the MSC helped MRSEC users to take 
advantage of the full potential of the whole cluster and resulted in numerous findings and 
publications with the help from MSC/MRSEC. 

The MRSEC Central Facilities Laboratory (CFL) is comprised of several laboratories that 
contain instruments for advanced electrical and optical characterization and sample preparation.  
The low-temperature characterization facility is a unique user facility in the MRSEC network 
and houses a physical properties measurement system (PPMS) that allows for electrical transport 
and heat capacity measurements from 400 K down to 50 mK and under fields as high as 9 T, a 
3He-4He dilution refrigerator (12 mK to 400K, up to 9T), and a micromanipulated probe station 
(4-450 K; up to 3T). In 2011, the MRSEC acquired a helium recycling system which will 
provide major cost savings. The MRSEC also provided partial support towards a six source ion 
beam deposition system for alloy films. The CFL also has an optics laboratory housing several 
critical pieces of characterization equipment critical to the tasks of IRGs 4 and 1, including a Nd-
YAG tunable nanosecond laser. Several of these instruments transitioned to the MCL optical 
characterization laboratory in 2011.  The MRSEC facilities are available to other internal and 
external users, but are managed and funded directly by the MRSEC. In 2011, Moses Chan 
provided overall coordination of the CFL. The Executive Committee reviews the CFL operating 
policies and budget on a regular basis. The MRSEC Executive Committee also reviews and 
prioritizes equipment requests from the IRGs on an ongoing basis. 
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12. Administration and Management 
The organizational structure of the Center is outlined in the chart  below. Daily operations are 
managed by the Director, Vincent 
Crespi, who reports directly to the 
Senior Vice President for Research, 
Hank Foley. Consultation with Pro-
fessors Foley and Schiffer (Associ-
ate VP for Research and member of 
IRG1) facilitate the MRSEC’s in-
terdisciplinary and intercollegiate 
nature.   

Center policy is developed by con-
sultation of the full membership 
and is implemented by its Execu-
tive Committee. This committee 
currently consists of the Director 
Crespi, the Associate Directors 
Mallouk and Chan, the IRG leaders (Gopalan, Sen, Chan and Mayer), the Associate VP for Re-
search Peter Schiffer, the Penn State Materials Research Institute (MRI) Director Carlo Pantano, 
Outreach Director Dreyer and Mohney (who replaced Dickey, the former Director of the Materi-
als Characterization Lab). Mallouk, the prior Director, is currently overseeing the outreach port-
folio. The Executive Committee is well connected to University administration in materials re-
search through Pantano, Schiffer, and Mayer (who is also Director of the Penn State Nanofabri-
cation Facility), and all members of the Executive Committee are also active in the research 
and/or outreach activities of the Center. Mallouk, Mayer, and Schiffer also serve on the MRI ad-
visory board, further connecting the leadership of the Center and MRI. The Executive Commit-
tee meets approximately monthly, typically after the weekly MRSEC Seminar. While the scien-
tific direction of the Center grows in a “bottom up” way by soliciting the most compelling re-
search ideas from the full membership, the Executive Committee plays an important role in co-
ordinating the review of new proposals and existing projects and ensuring that the research port-
folio undergoes continual renewal. The Executive Committee is also charged with deciding re-
source allocation for facilities, coordinating the response of the Center to new initiatives from 
NSF and within the University, and guiding major initiatives in industrial outreach, educational 
outreach and international programs. 

The full membership of the MRSEC meets weekly on Mondays at the MRSEC Seminar.  These 
well-attended lunch seminars are a regular forum for reviewing scientific progress, introducing 
new ideas and new members, advertising outreach opportunities, performing career development 
activities with students and postdocs, and forming collaborations with visitors.  They are also a 
natural place to communicate issues that are discussed in the Executive Committee with the 
members of the Center. In addition to these seminars, the students, postdocs and faculty in each 
IRG meet approximately bi-weekly to discuss their current research progress and challenges in 
more detail. Usually, at least one member of the Executive Committee is engaged in the research  
project and is present at those meetings. 
The Center has a strong commitment to diversity, and successfully includes women at all levels. 
While the recruitment of students and postdocs from under-represented groups is challenging in 
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central Pennsylvania, a growing number have been recruited to the Center. The MRSEC Diversi-
ty Committee, which includes the directors of diversity-focused initiatives in several Colleges, 
helps to coordinate recruitment at campus-wide. Members of the Diversity Committee include 
Mallouk (Associate Director and Chair), Ron Redwing, Francelys Medina (Educational Outreach 
Coordinator), Kristin Dreyer (Educational Outreach Manager), Hank McCoullum (Diversity Co-
ordinator for the Eberly College of Science), Catherine Lyons (Associate Dean of Educational 
Equity for the College of Earth and Mineral Sciences), Mary Beth Williams (Graduate Admis-
sions chair, Department of Chemistry), and Joan Redwing (MRSEC faculty and Graduate Ad-
missions chair, Department of Material Science and Engineering).  

The external Advisory Board of the Center is regularly reconstituted approximately every two 
years to best reflect the current research agenda of the Center. It is composed of scientists from 
other academic institutions, national laboratories, and companies. These have included directors, 
as well as facility and education coordinators, of other MRSECs and NSECs.  In several instanc-
es, visits of our Advisory Board have resulted not only in valuable advice to the Center but also 
to productive collaborations and industrial connections, as well as sharing of best practices for 
facilities and outreach. Since the MRSEC just hosted a visit by the official NSF review panel,  
(which served a closely related purpose) there was no external advisory board meeting in 2011. 

The Executive Committee oversees the IRGs and Seed projects of the Center, and through a 
competitive review process decides on how support will be allocated.  Resources for research 
are allocated in a manner that is intended to maximize innovation, productivity, and collabora-
tion. Within IRGs, funds are not distributed to individual faculty, but instead support students 
and postdocs who work on multi-investigator projects. This organizational scheme is reflected in 
the internal accounting in that cost centers are not allocated to individual faculty, but instead to 
IRGs as a whole with centralized appointment of students. A similar policy is applied to projects 
within IRGs and Seed projects: in a sense, every project in the MRSEC is a Seed.  Students are 
often jointly advised by faculty.  Postdocs, who typically number 1 or 2 per IRG, are expected to 
play a broader collaborative role than graduate students, acting as a scientific “glue” across an 
IRG. Faculty (with the exception of the Director and Associate Directors) receive no salary sup-
port from the Center, although some are granted release time by their Departments.  Faculty who 
are not the official thesis advisors of students on a particular project typically collaborate and 
often co-advise them. The regular IRG meetings (and smaller ad hoc meetings of individual pro-
jects) promote these kinds of interactions. When projects are phased out of the MRSEC, care is 
taken to minimize the impact on the students involved to facilitate optimal career development. 
Because this system does not allocate funds to any particular faculty member, there is relatively 
little inertia to impede the inclusion of new faculty or the support of particularly promising new 
ideas in the IRGs. This flexibility has helped the IRGs change their course in response to new 
findings and challenges – historically, several IRGs have entirely renewed their research agenda 
via incorporation of especially successful Seed projects, for example. Many of the faculty are 
members of more than one IRG, and this confers synergy to the research projects. For example, 
work on semiconducting and superconducting nanowires in IRG3 is currently exploiting novel 
high-pressure synthesis ideas from IRG4. 

In the past year, the MRSEC has implemented a modified version of the annual Seed selection 
process, to best position the MRSEC for the upcoming renewal cycle. First, the MRSEC held an 
open competition for a “New IRG Seed,” a larger-than-normal seed effort explicitly designed to 
nucleate a group that can – after ~12 month’s Seed support – articulate a compelling vision for 
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possible inclusion in the renewal proposal. (All existing and new IRGs will compete on an equal 
basis for inclusion in the renewal proposal). In addition, all existing IRGs were asked to submit 
an IRG Redirection Seed proposal. Funds to support this process were collected by a modest 
budget rescission from each of the IRGs: in essence, they were asked to “ask for their money 
back.” This structure focussed the minds of the IRG teams and led to a set of successful IRG Re-
direction Seeds, which have substantially restructured the MRSEC as a whole and opened up 
new initiatives for compelling, high-risk transformative research.   

The Center has a collaborative role with three Institutes at Penn State (MRI, the Huck Institutes 
for the Life Sciences, and the Penn State Institutes for Energy and the Environment) in reviewing 
and supporting Seed Projects.  The Institute directors (Carlo Pantano, Peter Hudson, and Tom 
Richard, respectively) participate in the review process, and the Institutes co-fund appropriate 
projects of mutual interest and high intellectual merit.  The web-based submission and review 
process is modeled after Fastlane, with the Executive Committee and Institute directors provid-
ing written reviews and later meeting as a panel to select projects for support. This is a win-win 
arrangement for the Institutes and the Center. The Center is able to leverage substantial addition-
al support for new projects and obtain review input from outside experts. The Institutes benefit 
from the broad competitive proposal solicitation and review, which historically has attracted 15 
to 20 collaborative proposals from the Penn State materials research community. Projects select-
ed in this process have generally been very successful, either as future IRG projects or as the be-
ginning of multi-investigator collaborations that later become NIRTs, MURIs, or other major 
grants. 

Educational outreach is a strong unifying theme in the Center. Participation is expected of all 
students and postdocs and is encouraged from all faculty. Our educational activities are overseen 
by Associate Director Tom Mallouk. Dr. Ronald Redwing, the prior Outreach Director in the 
Center, is now an Associate Dean at Penn State, although he maintains an active interest and in-
volvement in recruiting members of underrepresented groups for the MRSEC REU program. The 
MRSEC is very fortunate to have recruited Kristin Dreyer, a former high school teacher, instruc-
tor in the Physics Department, and administer of the Penn State Women in Science and Engi-
neering program, as a new Outreach Director. Postdoctoral fellow Francelys Medina is an educa-
tional outreach coordinator in the Center, currently specializing in the RET/REU program. Kris-
tin Dreyer is the administrative point of contact for our collaborations with the Franklin Institute.   

Industrial outreach, including workshops, personnel exchange, and joint support of students is 
overseen by Pantano, together with Paul Hallacher, the Director of Research Program Develop-
ment in the Office of the Senior Vice President for Research. Hallacher works with Tanna Pugh, 
who is Director of Research-Technology Transfer, to develop collaborative agreements with 
companies as part of the MRSEC Industrial Affiliates program.   

Center operations, including budgets, subcontracts, reports, site visits, seminars, website mainte-
nance, and appointment of personnel are managed by two full time administrative staff, Denise 
Patton and Patricia Doroschenko. Their financial reports and budgets are coordinated with the 
Grants Office in the Eberly College of Science and with the University Office of Sponsored Pro-
grams.   
 



13. List of Ph.D.  students and postdocs graduating in 2011 
(W= woman, M= minority) 
 
Graduate Students 
 
Banafsheh Keshavarzi received her Ph.D in Chemical Engineering, she is currently a postdoc at Penn 
State. 
 
Bala Juluri Krishna received his Ph.D. and is currently at Pacific Integrated Energy, Inc.  
 
Eftihia Vlahos (W) received her Ph.D in Material Science, she is currently a postdoc at Penn State. 
 
Emil A. Hernadez-Pagan (M) received his Ph.D in Chemistry, currently he is a postdoctoral fellow at 
Vanderbilt University. 
 
Fatima Toor (W) received her master degree in Electrical Engineering and is currently at the National 
Renewable Energy Laboratory.  
 
Helen He (W) received her Ph.D in Material Science, currently she is a postdoc at Advanced Light Source, 
Lawrence Berkeley National Lab. 
 
Jian Wang, Penn State Research Associate, is currently appointed as an Associate Professor of Physics at 
the International Center for Quantum Materials, Peking University, Beijing, China. 
 
Mahesh Krishnamurthy received his Ph.D in Material Science, he is currently Intel Photonics Group. 
 
Mingliang Tian, Penn State Research Associate, is currently appointed as a Professor of Physics, at the 
China High Magnetic Field Laboratory, Chinese Academy of Science and Technology. 
 
Qian Xu received Ph.D in May 2011.  
 
Raegan Johnson (W) received her Ph.D in Material Science, she is currently a postdoc at Penn State. 
 
Rongrui He, a postdoc in Chemistry, took a position at Intel.   
 
Sharis Minassian (W) received her Ph.D in Chemical Engineering.  
 
Wenchong Hu received a Ph.D in Electrical Engineering and is currently at Intel. 
 
Yong Zeng, a postdoc, in Electrical Engineering is currently a postdoc at Los Alamos National Laboratory.  
 
 
 
 
 
 
 



14. Publications and Patents 
 
IRG 1 
A. Primary Support  
 
N. F. Baril, R. He, T. D. Day, J. R. Sparks, B. Keshavarzi, M. Krishnamurthi, A. Borhan, V. 
Gopalan, A. C. Peacock, N. Healy, P. J. A. Sazio, and J. V. Badding, “Confined High-pressure 
Chemical Deposition of Hydrogenated Amorphous Silicon,” J. Am. Chem. Soc. ,134, 19-22 
(2012).  
 
V. Gopalan and D. B. Litvin, “Rotation-reversal Symmetries in Crystals and Handed 
Structures,” Nature Materials, 10, 376 (2011).  
 
J. H. Lee, L. Fang, E. Vlahos, X. Ke, Y. W. Jung, L. Fitting Kourkoutis, J-W. Kim, P. J. Ryan, T. 
Heeg, M. Roeckerath, V. Goian, M. Bernhagen, R. Uecker, P. C. Hammel, K. M. Rabe, S. 
Kamba, J. Schubert, J. W. Freeland, D. A. Muller, C. J. Fennie, P. Schiffer, V. Gopalan, E. 
Johnston-Halperin, and D. G. Schlom, “A Strong Ferroelectric Ferromagnet Created by Means of 
Spin-Lattice Coupling,” Nature, 476, 114 (2011).  
 
T. Birol, N. A. Benedek, and C. J. Fennie, “Interface Control of Emergent Ferroic Order in 
Ruddlesden-Popper Srn+1TinO3n+1,” Phys. Rev. Lett., 107, 257602 (2011).   
 
S. A. Denev, T. T. A. Lummen, E. Vlahos, and V. Gopalan, “Probing Ferroelectrics using 
Optical Second Harmonic Generation,” J. Amer. Cer. Soc., 94(9), 2699-2727 (2011).  
 
B. Partial Support 
 
C. T. Nelson, P. Gao, J. R. Jokisaari, C. Heikes, C. Adamo, A. Melville, S-H. Baek, C. M. 
Folkman, B. Winchester, Y. Gu, Y. Liu, K. Zhang, E. Wang, J. Li, L-Q. Chen, C-B. Eom, D. G. 
Schlom, and X. Pan, “Domain Dynamics During Ferroelectric Switching,” Science, 334, 968-
971 (2011).  
 
R. K. Behera, C-W. Lee, D. Lee, A. N. Morozovska, S. B. Sinnott, A. Asthagiri, V. Gopalan, 
and S. R.  Phillpot, “Structure and Energetics of 180° Domain Walls in PbTiO3 by Density 
Functional Theory,” J. Phys. Condensed Matter, 23, 175902-1/12 (2011).  
 
E. Eliseev, A. M. Morozovska, S. V. Svechnikov, V. Gopalan, and V. Y. Shur, “Static 
Conductivity of Charged Domain Walls in Uniaxial Ferroelectric Semiconductors,” Phys. Rev. 
B, 83, 235313-1/8 (2011).  

 
A. N. Morozovska, E. A. Eliseev, A. K. Tagantsev, S. L. Bravina, L. Q. Chen, and S. V. 
Kalinin, “Thermodynamics of Electromechanically Coupled Mixed Ionic-electronic Conductors: 
Deformation Potential, Vegard Strains, and Flexoelectric Effect,” Phys. Rev. B, 83, 195131 
(2011).  
 



T. Mairoser, A. Schmehl, A. Melville, T. Heeg, W. Zander, J. Schubert, D. E. Shai, E. J. 
Monkman, K. M. Shen, T. Z. Regier, D. G. Schlom, and J. Mannhart, “Influence of the Substrate 
Remperature on the Curie Temperature and Charge Carrier Density of Epitaxial Gd-doped EuO 
Films,” Appl. Phys. Lett., 98, 102110 (2011).  
 
D. Nuzhnyy, J. Petzelt, S. Kamba, X. Marti, T. Cechal, C. M. Brooks, and D. G. Schlom, 
“Infrared Phonon Spectroscopy of a Compressively Strained (001) SrTiO(3) Film Grown on a 
(110) NdGaO3 Substrate,” J. Phys. Condened Matter, 23, 045901 (2011).   
 
V. Bovtun, V. Pashkov, M. Kempa, S. Kamba, A. Eremenko, V. Molchanov, Y. Poplavko, Y. 
Yakymenko, J. H. Lee, and D. G. Schlom, “An Electrode-free Method of Characterizing the 
Microwave Dielectric Properties of High-permittivity Thin Films,” J. Appl. Phys., 109, 024106 
(2011).  
 
J. M. Hu, G. Sheng, J. X. Zhang, C. W. Nan, and L. Q. Chen, “Phase-field Simulation of Strain-
Induced Domain Switching in Magnetic Thin Films,” Appl. Phys. Lett., 98, 112505 (2011).  
 
K. Kathan-Galipeau, P. Wu, Y. L. Li, L. Q. Chen, A. Soukiassian, X. X. Xi, D. G. Schlom, and 
D. A. Bonnell, “Quantification of Internal Electric Fields and Local Polarization in Ferroelectric 
Superlattices,” ACS Nano, 5, 640-646 (2011).  
 
Y. Zhang, Christopher T. Nelson, S. Lee, J. Jiang, C. W. Bark, J. D. Weiss, C. Tarantini, C. 
M. Folkman, S.-H. Baek, E. E. Hellstrom, D. C. Larbalestier, C-B. Eom, and X. Pan, “Self-
Assembled Oxide Nanopillars in Epitaxial BaFe2As2 Thin Films for Vortex Pinning,” Appl. 
Phys. Lett., 98, 042509 (2011).  

 
H. Li, P. Edwards, Z. Zhang, Y. Xu, V. Gopalan, and Z. Liu, “Characterization of the Second-
Harmonic Response of Second-order Nonlinear Probe,” J. Opt. Soc. Am. B, 28, 2844-2847 
(2011).  
 
J. J. Wang, E. A. Eliseev, X. Q. Ma, P. P. Wu, A. N. Morozovska, and L. Q. Chen, “Strain 
Effect on Phase Transitions of BaTiO3 Nanowires,” Acta Materialia, 59, 7189-7198 (2011).  
 
R. L. Johnson-Wilke, D. S. Tinberg, C. B. Yeager, Y. Han, I. M. Reaney, I. Levin, D. D. Fong, 
T. T. Fister, and S. Trolier-McKinstry, “Tilt Transitions in Compressively Strained 
AgTa0.5Nb0.5O3 Thin Films,” Phys. Rev. B, 84, 134114 (2011).  
 
H. M. Christen, J. H. Nam, H. S. Kim, A. J. Hatt, and N. A. Spaldin, “Stress-induced R-M(A)-
M(C)-T Symmetry Changes in BiFeO3 Films,” Phys., Rev. B, 83, 144107 (2011).  
 
D. Lee, H. X. Xu, V. Dierolf, V. Gopalan, and S. R. Phillpot, “Shape of Ferroelectric Domains 
in LiNbO3 and LiTaO3 from Defect/Domain-wall Interactions,” Appl. Phys. Lett., 98, 092903 
(2011).  
 



J. S. Beveridge, M. R. Buck, J. F. Bondi, R. Misra, P. Schiffer, R. E. Schaak, and M. E. 
Williams, “Purification and Magnetic Interrogation of Hybrid Au-Fe3O4 and FePt-Fe3O4 
Nanoparticles,” Angewandte Chemie-international edition, 50, 9875-9879 (2011). 
 
W. Fan, J. Cao, J. Seidel, Y. Gu, J. W. Yim, C. Barrett, K. M. Yu, J. Ji, R. Ramesh, L. Q. Chen, 
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J.E. Anthony, Y.L. Loo, Advanced Materials, 21, 3605-3609 (2009). 

8. “Zwitterionic polymerization of lactide to Cyclic poly(lactide) using N-heterocyclic carbene 
organocatalysts” D.A. Culkin, W. Jeong, S. Csihony, E.D. Gomez, N.P. Balsara, J.L. Hedrick, 
R.M. Waymouth, Angewandte Chemie (Communication) 46, 2627-2630 (2007). 

9. “Effect of cross-linking on the structure and thermodynamics of lamellar block copolymers” E.D. 
Gomez, J. Das, A.K. Chakraborty, J.A. Pople, N.P. Balsara, Macromolecules 39, 4848-4859 
(2006). 

10. “Platelet self-assembly of an amphiphilic A-B-C-A tetrablock copolymer in pure water” E.D. 
Gomez, T.J. Rappl, V. Agarwal; A. Bose, M. Schmutz; C.M. Marques, N.P. Balsara,  
Macromolecules (Communication) 38, 3567-3570 (2005). 

 
Thesis and Postdoctoral Advisors: Nitash P. Balsara, Professor of Chemical Engineering, 
University of California, Berkeley and Yueh-Lin (Lynn) Loo, Associate Professor of Chemical 
Engineering, Princeton University 
Synergistic activities: Presentation of research to the Soft Matter NSF REU program participants.  
Encouragement and recruitment of underrepresented minorities through the McNair Summer 
Research Conference.  Manuscript Reviewer for Microscopy and Microanalysis, Ultramicroscopy, 
Organic Electronics, Ionics, Macromolecules and Journal of Chemical Physics.  Proposal reviewer 
for the National Science Foundation and the Stanford Synchrotron Radiation Laboratory.  Session 
Chair for the Annual Meeting of the American Institute of Chemical Engineers, Annual Meeting of 
the American Physical Society, and Annual Meeting of the Materials Research Society. 



16. Honors and Awards 

Ashley DaSilva received the Alumni Associate Dissertation Award in 2012. 

Ashley DaSilva received the Duncan Fellowship from the Penn State Physics Department in 2011. 

Ashley DaSilva received the Eberly College of Science Diversity and Climate Award during 2011/2012. 

Ashley DaSilva was awarded the East Asia and Pacific Summer Institutes Fellowship in 2011. 

Ashley DaSilva received the 2011 Eklund Memorial Lecturership, Penn State University. 

Tony Huang received the 2011 Penn State Engineering Alumni Society Outstanding Research Award. 

Banafsheh Kesharvarzi was selected to participate in the Ph.D. Career Development Program at Air 
Products and Chemicals beginning July 2012.  

Bala Krishna Juluri received First-Place in the Poster Competition at the ESM Today Graduate Research 
Symposium in 2011. 

Bei Wang received the Duncan Fellowship from the Penn State Physics Department in 2011. 

Brian Kiraly received the NASA Space Technology Research Fellowship in 2011. 
 
Brian Kiraly received the NSF Graduate Research Fellowship in 2011. 
 
Daniel Ahmed received the Young Investigator Best Poster Award at the 15th International Conference 
on Miniaturized Systems for Chemistry and Life Sciences. 
 
Darrell Velegol was named a Fellow of the AAAS (American Association for the Advancement of Science) 
in 2011. 
 
Duming Zhang received the 2012 Eklund Memorial Lecturership, Penn State University. 
 
Duming Zhang received the Young Scientist Award at 39th Conference on the Physics & Chemistry of 
Surfaces & Interfaces, Santa Fe, New Mexico in January 2012. 

Jazmin Godoy-Vargas received the Harry B. Weiser Research Award in recognition of research 
excellence.  

Jiamian Hu received the MRS Graduate Student Gold Medal Award in 2011. 

Jian Wang received Fellow of the China Thousand Talents Program for Young Scientists in 2011. 

Justin Sparks was awarded an Apple Fellowship by the Penn State Chemistry Department.  

Long-Qing Chen received the TMS EMPMD (Electronic, Magnetic, Photonic Materials Division 
Distinguished Scientist Award in 2011. 



Mahesh Krishnamurthy received the CSR Division Recognition Award from Intel in 2012.  

Michael Lapsley received Third-Place in the Presentation Competition at the ESM Today Graduate 
Research Symposium in 2011. 
 
Raymond Schaak received the 2011 National Fresenius Award. 
 
Steven Lin received the Rustum and Della Roy Innovation in Materials Research Award at Penn State 
2011.  
 
Shahrzad Yazdi received Third-Place in the Poster Competition at the ESM Today Graduate Research 
Symposium in 2011. 

Susan Trolier-McKinstry won the Ceramic Education Council Outstanding Educator Award in 2011. 

Qian Xu received the Melvin P. Bloom Memorial Outstanding Doctoral Research Award in Electrical 
Engineering at Penn State in 2011. 

Xiaoyun Ding received the Innovation Award in Presentation Competition at the ESM Today Graduate 
Research Symposium in 2011. 

Yijia Gu received the Newnham Graduate Student Excellence Award in 2011. 

Yi Zhang won the Microscopy Society of America (MSA) Presidential Award in 2011. 

 

 

 

 

 

 



Graphene, a sheet of carbon atoms arranged 
in a honeycomb lattice, possesses many 
excellent properties that are potentially useful 
in electronic, optical and mechanical 
applications. Attaching other chemical 
species onto the graphene plane offers an 
effective route to alter and engineer the 
properties of graphene. NSF-supported 
researchers have demonstrated that 
graphene covered dilutely with covalently 
bonded fluorine adatoms is vastly different 
from its pristine counterpart. Most remarkably, 
the electrical resistance of dilute fluorinated 
graphene drops drastically in a magnetic 
field, suggesting the possibility of magnetism 
at play. Magnetic graphene may be of 
significant technological import for data 
manipulation and storage. 

200K

20K

5K

1.5Kn=8x1011/cm2

Graphene sheet with dilute covalently bonded fluorine 
atoms (top), and the resulting magnetoresistance (bottom)

FC

Penn State MRSEC DMR-0820404: Hong et al, Phys. Rev. B 83, 
085410 (2011). S.-H. Cheng supported by NSF DMR-0820404; Low-
temperature measurement supported by NSF DMR-0748604 

Colossal negative magnetoresistance 
in adatom-engineered graphene
X. Hong, S.-H. Cheng, C. Herding and J. Zhu  

1nm



Low-‐Loss	  Zero-‐Index	  Metamaterial	  in	  the	  Near-‐Infrared
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Penn State MRSEC DMR-0820404: Seokho Yun, Zhi Hao Jiang, Lan Lin, Ding Ma, Jeremy A. Bossard, 
Xiande Wang, Qi Wu, Douglas H. Werner, Theresa S. Mayer, and Zhiwen Liu, Low-loss impedance-
matched optical metamaterials with zero phase delay, accepted in ACS Nano.

Low-Loss Zero-Index Metamaterial for the Near-Infrared 
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The novel properties of metamaterials enable new 
technologies, such as electromagnetic cloaks, flat near- and 
far-field focusing lenses, and transformation optics devices. 
MRSEC researchers are developing new nature-inspired 
synthesis techniques and accurate fabrication methods to 
overcome loss in optical metamaterials. For example, this 
polarization-insensitive metamaterial possesses both a zero 
refractive index and high transmission at 1.5 μm wavelength. 
The gold-polyimide-gold structure has vertical sidewalls and 
is free-standing, eliminating bianisotropy in the device. These 
low-loss metamaterials could enable a new generation of 
practical optical metamaterial-based devices. 

Penn State MRSEC DMR-0820404: Seokho Yun, Zhi Hao Jiang, Lan Lin, Ding Ma, Jeremy A. Bossard, 
Xiande Wang, Qi Wu,  Douglas  H.  Werner,  Theresa  S.  Mayer,  and  Zhiwen  Liu,  “Low-loss impedance-
matched  optical  metamaterials  with  zero  phase  delay,”  accepted for publication in ACS Nano. 

The novel properties of meta-materials enable new technologies such as 
electromagnetic cloaks, flat near- and far-field focusing lenses, and 
transformation optics devices. MRSEC researchers’ nature-inspired design 
techniques and accurate fabrication methods minimize loss in this polarization-
insensitive free-standing gold-polyimide-gold meta-material which has both a 
zero refractive index and high transmission at 1.5μm. The vertical sidewalls 
eliminate bianisotropy. Low-loss meta-materials could enable a new generation 
of practical optical devices.



Materials for High Speed Fiber Optoelectronics
Penn State MRSEC DMR-0820404: R. He, P.J.A. Sazio, A.C. Peacock, N. Healy, J.R. Sparks, M. 
Krishnamurthi, V. Gopalan and J. V. Badding, Integration of GHz Bandwidth Semiconductor Devices inside 
Microstructured Optical Fibres Nature Photonics 10.1038/nphoton.2011.352

MRSEC 
researchers have 

developed the materials 
necessary to embed GHz 

speed electronic photodetectors 
into micron  diameter channels in 

optical fibers. Electronic devices are 
usually made on  planar chips or more 

recently by coating the outside of tiny 
semiconductor nanowires with layers of new 

semiconductors to form interfaces known as junctions. 
Junctions are at the heart of modern optoelectronic devices, 

such as solar cells, diode lasers, and photodetectors. MRSEC 
researchers used high-pressure chemistry to construct long, 

symmetric, precisely doped junctions by layering materials inside fiber pores. Two cornerstones of 
modern technology, optical fibers and electronic devices are merged in a way not previously 
possible. New technologies for electronically detecting, generating, and manipulating light in one-
dimensional geometries may arise from this research.



Superconductivity and Vortices in Topological 
Insulator Nanoribbons

D.	  M.	  Zhang,	  et	  al.,	  Phys.	  Rev.	  B	  84,	  165120	  (2011)
Selected	  as	  Editor’s	  SuggesFon

D. M. Zhang, J. Wang, A. M. DaSilva, J. S. Lee, H. R. Gutierrez, M. H. W. Chan, J. K. Jain and N. Samarth, DMR-0820404

Interfacing topological insulators with super-
conductivity provides a possible route towards an 
analog of Majorana fermions in condensed matter. 

We have carried out two key steps 
in the search for these exotic 
quantum excitations. We 
demonstrated proximity-induced 
superconductivity in topological 
insulator (Bi2Se3) nanoribbons 
interfaced with super-conducting 
electrodes. We also  provided 
tantalizing evidence for the 
possible presence of vortices in 
the topological insulator. 



Quantum Phase Slips and Switching Bistability in 
Superconducting Nanowires
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A thin aluminum wire is 
contacted by 4 wider 
electrodes, as shown at left. 
The larger upper plot shows 
the resistance of this wire as 
a function of temperature at 
zero and non-zero magnetic 
field, following the standard 

practice of averaging over many repeated measure-
ments. The paradoxical return of the resistive state at 
low temperature is a consequence of the anti-
proximity effect, where the superconductivity of the 
wire is suppressed when the electrodes become 
superconducting. The lower plots show the resistance 
of the wire obtained by a single measurement. 

Remarkably, only zero or normal-state resistances 
are found: the resistance doesn’t follow a smooth 
curve, but switches randomly between two discrete 
values. This bi-stability is triggered by individual 
thermal phase slips (near Tc) and by quantum phase 
slips (at lower temperature where the antiproximity 
effect dominates). The observation of individual 
phase slip events has been an elusive goal of many 
prior experiments. This discovery may also assist in 
the long-term development of quantum computing.
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CdS motors are switchable by light

CdSAg Au

Penn State MRSEC DMR-0820404: Tso-Yi Chiang, Joe McDermott, Ayusman Sen, Darrell Velegol*

Silver-CdS-Gold trimers fabricated by quenched 
electrostatic assembly (shown at left) act as catalytic 
motors that can be switched on by light. CdS is a 
semiconductor with a band gap of 2.4 eV which 
corresponds to blue-green light. With its low native 
conductivity, no electrons can pass through CdS, so 
that the motor is not active initially. By exposing CdS to 
blue light, we raise the number of carriers to lower its 
resistivity, and thus activate the motor.  

Light off: Brownian motion Light on: powered motion

Time-lapse optical microscopy of Ag-CdS-Au in 1% H2O2 with overlays 0.2 s apart

10 μm



Micropumps powered by analyte-initiated depolymerization

add analyte 
(e.g. enzyme)

depolymerization⇒
monomer gradient

enzyme degrades polymera polymer slab fluid is pumped at speed 
proportional to analyte 

concentration

Insoluble polymer films depolymerize to release soluble monomeric products when 
exposed to a specific analyte. These depolymerization products create a concentration 
gradient that pumps fluids and insoluble particles away from the bulk polymer by 
diffusiophoresis, thereby amplifying the original signal.  

These pumps can be designed to respond to a variety of analytes ranging from small 
molecules to enzymes in the next generation of smart micro/nanoscale devices.

Angew. Chem. 2012

Penn State MRSEC DMR-0820404: Hua Zhang, Kimy Yeung, Jessica Robbins, Ryan Pavlick, Meng 
Wu, Ran Liu, Ayusman Sen and Scott Phillips



Penn State MRSEC DMR-0820404: YJ Liu, X Ding, SS Lin, J Shi, I-K Chiang, and 
TJ Huang, Surface Acoustic Wave Driven Light Shutters Using Polymer-Dispersed 
Liquid Crystals, Advanced Materials 23, 1656-1659, 2011.

Polymer-dispersed liquid crystals (PDLCs) are used in numerous 
applications including smart windows, displays, micro-lenses, lasers, 

and data storage due to their excellent electro-optical properties. 
Besides electrical and optical driving, LC re-alignment based on the 
acousto-optic effect has also been demonstrated, where acoustic 
waves change the optical axis, thus changing the transmitted light 

intensity. MRSEC researchers have demonstrated that surface 
acoustic waves (SAW) can induce strong acoustic streaming inside 
the LC droplets encapsulated in the PDLC film, which efficiently re-
aligns the LC molecules and changes the transparency of the film. 
Such a SAW-driven PDLC light shutter can be fabricated simply by 
integrating a cured PDLC film and a pair of interdigital transducers 

(IDTs) onto a piezoelectric substrate. With further developments, the 
SAW-based driving scheme could have significant impact on future 

PDLC-based nanophotonic and plasmonic devices.



Hidden Roto Symmetries in Nature Discovered
Penn State MRSEC DMR-0820404:  Venkatraman Gopalan and D. B. Litvin Rotation-reversal Symmetries in 
Crystals and Handed Structures Nature Materials, 10, 376 (2011)

MRSEC researchers have discovered a missing 
spatial operation in nature called rotation-
reversal symmetry that reverses the sense of all 
static rotations in a crystal.  Certain minerals, 
organic crystals or metamaterials are 
composed of subunits that can exist in two 
states: clockwise or counter-clockwise 
rotated.  The symmetry of a crystal lattice 
helps determine the material’s properties, and 
certain properties can only exist in lattices 
with special symmetries.  In perovskite 
complex oxides, for example,  oxygen cages 
counter-rotate (see image); these crystals have 
twice as many new “roto” symmetries as 
previously recognized  These new symmetries 
imply new materials properties: lattice rotation 
coupled to magnetism,  ferroelectricity, 
multiferroicity, charge ordering, elasticity, and 
optical.  These properties could be useful in 
electrical control of magnetism, high-speed 
transistors based on correlated phenomena 
and high-temperature actuators. Rotation-reversal symmetry operation switches between the orange 

and aqua molecules that are counter-tilted in the lattice above.



Autonomous Motors Powered by Ultrasound

MRSEC researchers working in an international collaboration with French scientists 
at ESPCI (Paris Tech) have discovered that rocket-shaped metallic micro-rods can be 
propelled through fluids using ultrasound, with fast translation towards the tapered 
end and rapid rotation & assembly of rods into circular chains that move like 
conveyer belts.  Since most ways to make micro-objects move autonomously in 
fluids are incompatible with biological fluids, this bio-friendly ultrasound technique 
may be a first step towards the design of powered micro-robots that can perform 
microsurgery or deliver drugs or imaging agents to specific parts of the body.   

Penn State MRSEC DMR-0820404: Wei Wang, L. Angelica Castro, Mauricio Hoyos, and Thomas E. Mallouk, “Autonomous 
motion of metallic micro-rods propelled by ultrasound,” submitted to ACS Nano

Schematic of forces on metal 
microrods in ultrasonic fields, 
spinning polar chains of 
microrods, and a micrograph of 
a rocket-shaped Au micro-rod.



Museum Show: Hidden Power

The Penn State MRSEC (NSF DMR-0820404) completed its fourth science museum kit as 
part of its longstanding partnership with The Franklin Institute. Hidden Power focuses on the 
ways various energy sources are converted to electricity, and vice versa. A hands-on, 
interactive approach conveys key concepts in the materials science and nanotechnology of 
solar panels, piezoelectricity, thermoelectricity, light emitting diodes, batteries, turbines, and 
efficiency.  MRSEC faculty and graduate students helped develop demonstrations, train 
representatives from recipient museums, create supplemental fact sheets highlighting current 
research, and present the kit at our own local outreach events. MRSEC members recently 
started brainstorming for the fifth museum show project, to be distributed in Fall 2013.



18. Statement of Unobligated Funds for this award is 175,334. 
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Budget Justification  

MRSEC:  Center for Nanoscale Science, DMR-0820404 
 
A.  Senior Personnel 
Vincent H. Crespi, Director: Crespi will devote approximately 25% of his academic year 
time to this proposal, with release time from teaching and other administrative duties 
provided by the University. Partial summer support (9.5% of three summer months per year) 
from NSF is requested in all six calendar years. 
 
Moses H. Chan, Associate Director: Partial summer support (9.5% of three summer months 
per year) from NSF is requested in all six calendar years. 
 
B. Other Personnel 
Kristin Dreyer, Program Director: Dreyer will devote 100% of her time to Education 
Outreach development, including collaboration with the subcontracted Franklin Institute on 
cart based museum shows and promoting K-12 science education internal and external to 
Penn State University.  
 
D.  Equipment 
Year 1:  A MOCVD system dedicated to the growth of III-V nanowires are requested for 
IRG3.  $48K is requested from NSF and $14K cost sharing will be provided by the 
University 
 
Year 2:  A Physical Properties Measurement System (PPMS) and a Computer Cluster are 
requested.  The PPMS will be used primarily by IRG3, with occasional use by IRG4.  The 
Computer Cluster will be used most extensively for numerical simulations in IRG2 and 
IRG4, but will serve the computational needs of the other two IRGs also.  $163K is requested 
from NSF and $47K cost sharing for these items will be provided by the University. 
 
Year 3:  An infrared spectrscopic ellipsometer upgrade and a fiber laser are requested for use 
by IRG4.  $99K is requested from NSF and $29K cost sharing for these items will be 
provided by the University. 
 
Years 4-6:  $50K per year is budgeted for additional equipment items, which may include 
upgrades for optical or electron microscopes, microfabrication tools, synthetic equipment, or 
equipment for physical property measurements.  These amounts represent conservative 
estimates of additional equipment needs, based on past experience with MRSEC research 
projects. 
 
Year 7:  No permanent equipment is requested in Year 7. 
 
F.  Travel 
Travel funds will be used by the Director to attend semi-annual MRSEC Directors’ meetings, 
and by Center personnel (faculty, students, and postdocs) to present their findings at 
scientific meetings and meet with collaborators.  The budgeted amounts are in accordance 
with our previous experience with MRSEC research. 
 
G.  Subawards.   
Changes made to the subawards include discontinued funding to University of Santa Barbara 
due to the PI leaving UCSB. The continuation of work by Cornell was added when funding 
to Santa Barbara was discontinued. 



  

Cornell: $50K per calendar year is subcontracted to Prof. Craig Fennie for his collaborative 
work in IRG1. 
Franklin Institute:  $50K per calendar year is subcontracted for collaborative work on 
museum shows, and work with the Science Leadership Academy. 
Rice University:  $70K per calendar year is subcontracted to Profs. James Tour and Kevin 
Kelly for their work in IRG2 
Rutgers University: $50K per calendar year is subcontracted to Prof. Karin Rabe for her work 
in IRG5. 
University of Michigan:  $50K per calendar year is subcontracted to Prof. Xiaoqing Pan for 
his work in IRG5. 
University of California, Berkeley: $50K per calendar year is subcontracted to Prof. 
Ramamoorthy Ramesh for his work in IRG5. 
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3/1/11 - 2/29/12

ORGANIZATION - The Pennsylvania State University
MRSEC:  Center for Nanoscale Science
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR
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A. SENIOR PERSONNEL: Pl/PD, Co-Pl's, Faculty and Other Senior 
(List each separately with title, A.7. show number in brackets)

1 PI/PD - Vincent Crespi 6,234 6,234
2 co-PI - Moses Chan 0 0
3 co-PI - Vincent Crespi 0 0
4 0
5 0

6
( ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION 
PAGE) 0

7 (3 ) TOTAL SENIOR PERSONNEL (1-6) 6,234 6,234
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)

1 (5) POST DOCTORAL SCHOLARS 107,290 14,488 121,778
2 ( 2) OTHER PROFESSIONALS (research associates) 60,876 60,876
3 (25) GRADUATE STUDENTS 206,933 206,933
4 ( 1) UNDERGRADUATE STUDENTS 3,075 3,075
5 (2) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 50,623 50,623
6 ( 1) OTHER 40,308 40,308

TOTAL SALARIES AND WAGES (A+B) 378,174 54,796 50,523 483,593
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 57,011 14,021 18,081 89,113

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) 435,185 68,817 68,074 572,076

D. EQUIPMENT
TOTAL EQUIPMENT 51,079 51,079

E. TRAVEL 1. DOMESTIC (INCL. CANADA MEXICO AND U.S. 11,368 4,093 2,804 18,265
                 2. FOREIGN 795 2,261 3,056

F. PARTICIPANT SUPPORT COSTS
1. STIPENDS 8,000 8,000
2. TRAVEL 1,000 1,000
3. SUBSISTENCE 2,800 2,800
4. OTHER 0
(4 ) TOTAL PARTICIPANT COSTS 11,800 11,800

G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 260,105 34,803 294,908
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 7,350 7,350
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 320,000 50,000 370,000
6. OTHER 123,870 123,870
TOTAL OTHER DIRECT COSTS 711,325 84,803 796,128

H. TOTAL DIRECT COSTS (A THROUGH G) 1,209,752 169,513 2,261 71,508 1,453,034
I.

    Base 1a (not including D, F, G5, G6) rate 48%, base 864,701 343,105 51,702 1,085 0 37,316 433,208
    Base 1b (part or all of G5 and G6, if appropriate) 48%, 51,295 24,622 24,622
    Base 1 (MTDC)
    Rate 1 (48% )
    Base 2 
    Rate 2
    Base 3
    Rate 3 (part or all of F is appropriate) rate 25%, base 8,000 2,000 2,000
TOTAL INDIRECT COSTS 367,727 53,702 1,085 0 37,316 367,728

J. TOTAL DIRECT AND INDIRECT COSTS (H + I) 1,577,479 223,215 3,346 0 108,824 1,912,864
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) 0

M. COST SHARING PROPOSED LEVEL $ 0
Pl/PD NAME
ORG. REP. NAME*
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CAL  ACAD SUMR From NSF Funds Costs
 1. Vincent Crespi, PI 0.30 $3,607
 2. Moses Chan, Co-PI 0.30 7,086
 3.
 4.
 5.
 6. () OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)  
 7. (2) TOTAL SENIOR PERSONNEL(1-6) 0.00 0.00 0.60 10,693
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
 1. (5) POST DOCTORAL ASSOCIATES 60.00 262,293
 2. (0) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
 3. (25) GRADUATE STUDENTS   227,230
 4. (1) UNDERGRADUATE STUDENTS 5,220
 5. (2) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 51,263
 6. () OTHER 40,870
      TOTAL SALARIES AND WAGES (A + B) 597,569
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 102,557
      TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 700,126
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

See budget justification

    TOTAL EQUIPMENT 50,000
E. TRAVEL           1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 30,000
                             2. FOREIGN 2,500

F. PARTICIPANT SUPPORT
  1. STIPENDS                    16,000$                
  2. TRAVEL 2,000
  3. SUBSISTENCE              4,000
  4. OTHER                              4,000

-8 TOTAL NUMBER OF PARTICIPANTS 4 TOTAL PARTICIPANT COST 26,000
G. OTHER DIRECT COSTS
  1. MATERIALS AND SUPPLIES 317,800
  2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 8,460
  3. CONSULTANT SERVICES     
  4. COMPUTER SERVICES    
  5. SUBAWARDS 250,000
  6. OTHER     222,505
      TOTAL OTHER DIRECT COSTS 798,765
H. TOTAL DIRECT COSTS (A THROUGH G) $1,607,391
I. INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)

48% of Modified Total Direct Costs (base $1,058,886)
25% Admin Allowance on $16,000

   TOTAL INDIRECT COSTS (F&A) 612,609
J. TOTAL DIRECT AND INDIRECTS COSTS (H + I) $2,220,000
K. RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPG II.D.7.j)
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $2,220,000 $
M. COST-SHARING:  PROPOSAL LEVEL  $   AGREED LEVEL IF DIFFERENT:  $
PI/PD TYPED NAME AND SIGNATURE*  DATE FOR NSF USE ONLY
Thomas E. Mallouk INDIRECT COST RATE VERIFICATION
ORG. REP. TYPED NAME & SIGNATURE*  DATE Date Checked Date of Rate Sheet Initials-ORG

David W. Richardson
1     *SIGNATURE REQUIRED ONLY FOR REVISED BUDGET(GPG III.B)

SUMMARY PROPOSAL BUDGET



Budget Justification 
MRSEC: Center for Nanoscale Science, DMR-0820404 

 
A. Senior Personnel 
Vincent H. Crespi, Director: Crespi will devote approximately 25% of his academic year time to this 
proposal, with release time form teaching and other administrative duties provided by the Universtiy. 
Partial summer support (9.5% of three summer months per year) from NSF is requested in all calendars 
years. 
 
Moses H. Chan, Associate Director: Partial summer support (9.5% of three summer months per year) 
from NSF is requested in all six calendar years.  
 
B. Other Personnel  
Kristin Dreyer, Program Director: Dreyer will devote 100% of her time to Education Outreach 
development, includeing collaboration with the subcontracted Franklin Institute on cart based museum 
shows and promoting K-12 science education internal and external to Penn State University.  
 
D. Equipment 
Year 1: A MOCVD system dedicated to the growth of III-V nanowires are requested for IRG3. $48K is 
requested from NSF and $14K cost sharing will be provided by the University. 
 
Year 2: A Physical Properties Measurement System (PPMS) and a Computer Cluster are requested. The 
PPMS will be used primarily by IRG3, with occasional use by IRG4. The Computer Cluster will be used 
most extensively for numerical simulations in IRG2 and IRG4, but will serve the computational needs of 
the other two IRGs also. $163 is requested from NSF and $47K cost sharing for these items will be 
provided by the University. 
 
Year 3: An infrared spectroscopic ellipsometer upgrade and a fiber laser are requested for use by IRG4. 
$99 is requested from NSF and $29K cost sharing for these items will be provided by the University.  
 
Year 4 – 6: $50K per year is budgeted for additional equipment items, which may include upgrades for 
optical or electron microscopes, microfabrication tools, synthetic equipment, or equipment for physical 
property measurements. These amounts represent conservative estimates of additional equipment 
needs, based on past experience with MRSEC research projects.  
 
Year 7: No permanent equipment is requested in Year 7. 
 
F. Travel 
Travel funds will be used by the Director to attend semi-annual MRSEC Directors’ meetings, and by 
Center personnel (faculty, students, and postdocs) to present their finding at scientific meetings and 
meet with collaborators. The budgeted amounts are in accordance with our previous experience with 
MRSEC research. 
 
G. Subawards 
Changes made to the subawards include discontinued funding to University of Santa Barbara due to the 
PI leaving UCSB; Rice University and UCLA have been discontinued funding due to changes in project 
direction, future goals, and research plans.  
 



Cornell: $50K per calendar year is subcontracted to Prof. Craig Fennie for his collaborative work in IRG1. 
Franklin Institute: $50K per calendar year is subcontracted for collaborative work on museum shows, 
and work with the Science Leadership Academy. 
Rutgers University: $50K per calendar year is subcontracted to Prof. Karin Rabe for her work in IRG5.  
University of Michigan: $50K per calendar year is subcontracted to Prof. Xiaoqing Pan for his work in 
IRG5.  
University of California, Berkeley: $50K per calendar year is subcontracted to Prof. Ramamoorthy 
Ramesh for his work in IRG5. 
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SUMMARY PROPOSAL BUDGET YEAR 4 

FOR NSF USE ONLY 

ORGANIZATION 
Regents of the University of California 

PROPOSAL NO. DURATION (MONTHS) 

  Proposed Granted 
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 
Ramesh Ramamoorthy 

AWARD NO.   

A.  SENIOR PERSONNEL: PI/PD, Co-PIs, Faculty and Other Senior Associates  NSF-Funded Funds Funds 
      List each separately with name and title. (A.7. Show  number in brackets) Person-months Requested By Granted by NSF 

 CAL ACAD SUMR Proposer (If Different) 
   1. Ramesh Ramamoorthy 0 0 0 0 $ 
   2.       
   3.       
   4.       
   5.       
   6.  () OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)      
   7.  () TOTAL SENIOR PERSONNEL (1-6)      
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)  
   1.  () POSTDOCTORAL ASSOCIATES      
   2.  () OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)      
   3.  (1) GRADUATE STUDENTS  7.5 $26,645 $19,123 
   4.  () UNDERGRADUATE STUDENTS     
   5.  () SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)     
   6.  () OTHER     
        TOTAL SALARIES AND WAGES (A + B)   $26,645 $19123 
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)   $8,319 $11952 
     TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)   $34,962 $23905 
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)  
  
  
  
    TOTAL  EQUIPMENT   
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)   
 2.  FOREIGN   
F.  PARTICIPANT SUPPORT  
  1. STIPENDS $    
  2. TRAVEL     
  3. SUBSISTENCE     
  4. OTHER     
      TOTAL NUMBER OF PARTICIPANTS ()                                                      TOTAL PARTICIPANT COSTS   
G.  OTHER DIRECT COSTS             
  1. MATERIALS AND SUPPLIES  $393.00 
  2. PUBLICATION/DOCUMENTATION/DISSEMINATION   
  3. CONSULTANT SERVICES   
  4. COMPUTER SERVICES   
  5. SUBAWARDS   
  6. OTHER         
      TOTAL OTHER DIRECT COSTS   
H.  TOTAL DIRECT COSTS (A THROUGH G) $34,963  

 
$24298 

I.    INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)  
Total Indirect Costs - MTDC 53.5%  
  
     TOTAL INDIRECT COSTS (F&A) $15,037 $19298 
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I) 50,000 $10325 
K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECT SEE GPG II.D.7.j.)   
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $50,000 29,623.00 
M.  COST SHARING:  PROPOSED LEVEL  $ AGREED LEVEL IF DIFFERENT:  $ 
PI/PD TYPED NAME AND SIGNATURE* DATE FOR NSF USE ONLY 

Xioquing Pan       INDIRECT COST RATE VERIFICATION 

ORG. REP. TYPED NAME & SIGNATURE* DATE Date Checked Date of Rate Sheet Initials-ORG 
               

NSF Form 1030 (10/99)  Supersedes All Previous Editions *SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG III.C) 



YEAR 5 5

SUMMARY PROPOSAL BUDGET FOR NSF USE ONLY
ORGANIZATION  PROPOSAL NO. DURATION (MONTHS)

Cornell University      Proposed    Granted
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR AWARD NO.

Craig J Fennie
A.  SENIOR PERSONNEL:  PI/PD, Co-PI's, Faculty and Other Senior Associates NSF Funded Funds Funds

(List each separately with title, A.7. show number in brackets) Person-mos. Requested By  Granted by NSF
CAL ACAD SUMR Proposer (If Different)

1. Craig J Fennie -  None PI 0.00 0.00 0.00 $ 0 $
2. 0.00 0.00 0.00 0
3. 0.00 0.00 0.00 0
4. 0.00 0.00 0.00 0
5. 0.00 0.00 0.00 0
6. ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)
7. ( 1 ) TOTAL SENIOR PERSONNEL (1-6) 0.00 0.00 0.00  0

B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1. ( 1 ) POST DOCTORAL ASSOCIATES@ 40% 12.00 0.00 0.00 17,880
2. ( 0 ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 0.00 0.00 0.00 0
3. ( 0 ) GRADUATE STUDENTS  0
4. ( ) UNDERGRADUATE STUDENTS 0
5. ( ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6. ( ) OTHER 0

TOTAL SALARIES AND WAGES (A+B)  17,880
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 53.4 % Fac 41.5 % Staff 17 % Summer 13.0 %Grad 5 %Ugrad 6,198

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C)  24,078
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

0

TOTAL EQUIPMENT 0
E.  TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 1,500

2. FOREIGN 1,500
F.  PARTICIPANT SUPPORT COSTS

1. STIPENDS 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0

( 0 )TOTAL PARTICIPANT COSTS 0
G.  OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES 1,000
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 1,000
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 2,368
5. SUBAWARDS 0
6. OTHER Tuition 0 Other 0 0

TOTAL OTHER DIRECT COSTS  4,368
H.  TOTAL DIRECT COSTS (A THROUGH G)  31,446
I.  INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)

Base Amount Rate
MTDC 31,446 59.0%

TOTAL INDIRECT COSTS (F&A) 18,553
J.  TOTAL DIRECT AND INDIRECT COSTS (H+I)  50,000
K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPG II.D.7.j.) 0
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 50,000 $
M. COST SHARING: PROPOSED LEVEL $ 0       AGREED LEVEL IF DIFFERENT $

PI/PD TYPED NAME & SIGNATURE*    DATE FOR NSF USE ONLY

Craig J Fennie 3/22/2012       INDIRECT COST RATE VERIFICATION

INST. REP. TYPED NAME & SIGNATURE*     DATE Date Checked      Date of Rate Sheet Initials - ORG

Grant and Contract Administrator 3/22/2012

NSF Form 1030 (10/99) Supersedes All Previous Editions          *SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG III.C)



 

54  
SUMMARY PROPOSAL BUDGET YEAR 5  

FOR NSF USE ONLY 

ORGANIZATION 
University Of Michigan 

PROPOSAL NO. DURATION (MONTHS) 

  Proposed Granted 
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 
Xiaoqing Pan 

AWARD NO.   

A.  SENIOR PERSONNEL: PI/PD, Co-PIs, Faculty and Other Senior Associates  NSF-Funded Funds Funds 
      List each separately with name and title. (A.7. Show  number in brackets) Person-months Requested By Granted by NSF 

 CAL ACAD SUMR Proposer (If Different) 
   1. Xiaoqing Pan 0 0 0 $0 $0 
   2.                                     
   3.                                
   4.                                
   5.                                
   6.  (   ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)                          
   7.  (   ) TOTAL SENIOR PERSONNEL (1-6)                          
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)  
   1.  (   ) POSTDOCTORAL ASSOCIATES                          
   2.  (   ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)                          
   3.  (1) GRADUATE STUDENTS     14,047         
   4.  (   ) UNDERGRADUATE STUDENTS                   
   5.  (   ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)                   
   6.  (   ) OTHER                   
        TOTAL SALARIES AND WAGES (A + B)     14,047         
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)     3,512         
     TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)     17,559         
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)  
       
       
       
    TOTAL  EQUIPMENT             
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)             
 2.  FOREIGN             
F.  PARTICIPANT SUPPORT  
  1. STIPENDS $         
  2. TRAVEL          
  3. SUBSISTENCE          
  4. OTHER          
      TOTAL NUMBER OF PARTICIPANTS (     )                                                      TOTAL PARTICIPANT 
COSTS 

            

G.  OTHER DIRECT COSTS             
  1. MATERIALS AND SUPPLIES 7,994       
  2. PUBLICATION/DOCUMENTATION/DISSEMINATION             
  3. CONSULTANT SERVICES             
  4. COMPUTER SERVICES             
  5. SUBAWARDS             
  6. OTHER - Tuition 10,521       
      TOTAL OTHER DIRECT COSTS 18,515       
H.  TOTAL DIRECT COSTS (A THROUGH G) 36,074       
I.    INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)  

Rate= 54.5% AND BASE (MTDC) = $25,553  
       
     TOTAL INDIRECT COSTS (F&A) 13,926       
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I) 50,000       
K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECT SEE GPG II.D.7.j.)             
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $50,000 $       
M.  COST SHARING:  PROPOSED LEVEL  $      AGREED LEVEL IF DIFFERENT:  $      
PI/PD TYPED NAME AND SIGNATURE* DATE FOR NSF USE ONLY 

            INDIRECT COST RATE VERIFICATION 
ORG. REP. TYPED NAME & SIGNATURE* DATE Date Checked Date of Rate Sheet Initials-ORG 
               

NSF Form 1030 (10/99)  Supersedes All Previous Editions *SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG III.C) 



 

54  
SUMMARY PROPOSAL BUDGET YEAR 5 

FOR NSF USE ONLY 

ORGANIZATION 
Rutgers, The State University 

PROPOSAL NO. DURATION (MONTHS) 

  Proposed Granted 
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 
Karin Rabe      

AWARD NO.   

A.  SENIOR PERSONNEL: PI/PD, Co-PIs, Faculty and Other Senior Associates  NSF-Funded Funds Funds 
      List each separately with name and title. (A.7. Show  number in brackets) Person-months Requested By Granted by NSF 

 CAL ACAD SUMR Proposer (If Different) 
   1. PI, K Rabe       .25 $4,728 $      
   2.                                     
   3.                                
   4.                                
   5.                                
   6.  (   ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)                          
   7.  (1) TOTAL SENIOR PERSONNEL (1-6)       .25   4,728         
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)  
   1.  (   ) POSTDOCTORAL ASSOCIATES                          
   2.  (   ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)                          
   3.  (1) GRADUATE STUDENTS     16,738         
   4.  (   ) UNDERGRADUATE STUDENTS                   
   5.  (   ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)                   
   6.  (   ) OTHER                   
        TOTAL SALARIES AND WAGES (A + B)     21,467         
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)     3,892         
     TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)     25,359         
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)  
       
       
       
    TOTAL  EQUIPMENT             
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 3,000       
 2.  FOREIGN             
F.  PARTICIPANT SUPPORT  
  1. STIPENDS $         
  2. TRAVEL          
  3. SUBSISTENCE          
  4. OTHER          
      TOTAL NUMBER OF PARTICIPANTS (     )                                                      TOTAL PARTICIPANT 
COSTS 

            

G.  OTHER DIRECT COSTS             
  1. MATERIALS AND SUPPLIES             
  2. PUBLICATION/DOCUMENTATION/DISSEMINATION             
  3. CONSULTANT SERVICES             
  4. COMPUTER SERVICES             
  5. SUBAWARDS             
  6. OTHER – tuition remission  6,044       
      TOTAL OTHER DIRECT COSTS 6,044       
H.  TOTAL DIRECT COSTS (A THROUGH G) 34,403       
I.    INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)  
MTDC 55%(excludes tuition remission) * $28,359  
       
     TOTAL INDIRECT COSTS (F&A) 15,597       
J.  TOTAL DIRECT AND INDIRECT COSTS (H + I) 50,000       
K.  RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECT SEE GPG II.D.7.j.)             
L.  AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $50,000 $       
M.  COST SHARING:  PROPOSED LEVEL  $      AGREED LEVEL IF DIFFERENT:  $      
PI/PD TYPED NAME AND SIGNATURE* DATE FOR NSF USE ONLY 

            INDIRECT COST RATE VERIFICATION 
ORG. REP. TYPED NAME & SIGNATURE* DATE Date Checked Date of Rate Sheet Initials-ORG 
               

NSF Form 1030 (10/99)  Supersedes All Previous Editions *SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG III.C) 



Instructions:  The functions below work on this spreadsheet only. Notes:  If you delete a row created with the buttons, prior to using the
These functions may not work properly if you add any columns.     buttons again you must remove all labels that were created with the row.
These functions will add the necessary labels required for each row. Don't enter anything in the red cells; use the yellow cells only.

If you want to create additional years based on the data in a first year,
    then don't press "Create New Budget Years" until you have filled out the
    data that you want to copy.  The "Create New Budget Years Button"
    copies all data from budget year1 to subsequent years.
DO NOT ENTER CENTS IN ANY FIELD!

YEAR 5

ORGANIZATION
The Franklin Institute Granted
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR
Steve Snyder
A. SENIOR PERSONNEL: PI/PD, Co-PI´S, Faculty and Other Sr. Associates 

(List each separately with title, A.7. show number in brackets) Person-months
First Name M Last Name Title CAL ACAD SUMR

1. Steve Snyder 0.00 $0
2. Jayatri Das 3.13 $14,910
3.

( 2 ) TOTAL SENIOR PERSONNEL (1-6) $14,910
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
 1. ( 0 ) POST DOCTORAL ASSOCIATES
 2. ( 1 ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 0.85 $2,680
 3. ( 0 ) GRADUATE STUDENTS
 4. ( 0 ) UNDERGRADUATE STUDENTS
 5. ( 0 ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
 6. ( 0 ) OTHER

TOTAL SALARIES AND WAGES (A+B) $17,590
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $5,101

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $22,691
D. PERMANENT EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000)

TOTAL EQUIPMENT $0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) $2,000

2. FOREIGN
F. PARTICIPANT SUPPORT COSTS

1. STIPENDS   
2. TRAVEL
3. SUBSISTENCE
4. OTHER

( 0 ) TOTAL NUMBER OF PARTICIPANTS $0
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $11,381
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTERS SERVICES
5. SUBAWARDS
6. OTHER

TOTAL OTHER DIRECT COSTS $11,381
H. TOTAL DIRECT COSTS (A THROUGH G) $36,072
 I. INDIRECT COSTS (SPECIFY RATE AND BASE)

Name of indirect cost item Base Rate
Facilities & Administration $36,072 38.6% 13927

TOTAL INDIRECT COSTS $13,927
J. TOTAL DIRECT AND INDIRECT COSTS (H+I) $50,000
K. RESIDUAL FUNDS (IF FOR FURTHER SUPPORT OF CURRENT PROJECTS SEE GPG II.D.7.j.) $0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $50,000
M. COST SHARING: PROPOSED LEVEL     AGREED LEVEL IF DIFFERENT $ $0
PI/PD NAME DATE FOR NSF USE ONLY

INDIRECT COST RATE VERIFICATION

FOR NSF USE ONLY
PROPOSAL NO. DURATION (MONTHS)

Proposed
AWARD NO.

NSF Funded Funds Funds
Requested By Granted by

Proposer NSF



Continuation Year 3/1/12 - 2/28/13

ORGANIZATION
The Pennsylvania State University
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR

PI Name - Vincent Crespi Research Education

Knowledge 
Transfer to 
Industry & 

Other Sectors Facilities Admin Total

A. SENIOR PERSONNEL: Pl/PD, Co-Pl's, Faculty and Other Senior Associates

(List each separately with title, A.7. show number in brackets)
1 PI/PD - Vincent Crespi 3,607 3,607
2 co-PI - Moses Chan 7,086 7,086
3 co-PI 0
4 co-PI 0
5 co-PI 0
6 ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE) 0
7 (2 ) TOTAL SENIOR PERSONNEL (1-6) 10,693 10,693

B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1 ( 5) POST DOCTORAL SCHOLARS 160,734 40,183 200,917
2 ( 2) OTHER PROFESSIONALS (research associates) 61,376 61,376
3 (25 ) GRADUATE STUDENTS 227,230 227,230
4 (1 ) UNDERGRADUATE STUDENTS 5,220 5,220
5 ( 3) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 51,263 51,263
6 ( 1) OTHER 40,870 40,870

TOTAL SALARIES AND WAGES (A+B) 454,560 40,183 102,826 597,569
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 66,088 3,565 32,904 102,557

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) 520,648 43,748 135,730 700,126

D. EQUIPMENT
TOTAL EQUIPMENT 50,000 50,000

E. TRAVEL 1. DOMESTIC (INCL. CANADA MEXICO AND U.S. POSSESSIONS) 23,000 4,000 3,000 30,000
                 2. FOREIGN 2,500 2,500

F. PARTICIPANT SUPPORT COSTS
1. STIPENDS 16,000 16,000
2. TRAVEL 2,000 2,000
3. SUBSISTENCE 4,000 4,000
4. OTHER 4,000 4,000
( 4) TOTAL PARTICIPANT COSTS 26,000 26,000

G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 285,000 32,800 317,800
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 8,460 8,460
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 200,000 50,000 250,000
6. OTHER 222,505 222,505
TOTAL OTHER DIRECT COSTS 715,965 82,800 798,765

H. TOTAL DIRECT COSTS (A THROUGH G) 1,259,613 156,548 2,500 50,000 138,730 1,607,391
I. INDIRECT COSTS (SPECIFY RATE AND BASE)

    Base 1a (not including D, F, G5, G6) 48% of  $1,058,886                                                                                                                                                401,811 38,663 1,200 66,590 508,265

    Base 1b (part or all of G5 and G6, if appropriate) 48% of $209,053 100,345 100,345
    Base 1 0
    Rate 1
    Base 2 (for, e.g., off-campus rate) 0
    Rate 2 (for, e.g., off-campus rate)
    Base 3 (part or all of F if appropriate) 25% of $16,000 (stipends) 4,000 4,000
    Rate 3
TOTAL INDIRECT COSTS 502,156 42,663 1,200 0 66,590 612,609

J. TOTAL DIRECT AND INDIRECT COSTS (H + I) 1,761,769 199,211 3,700 50,000 205,320 2,220,000
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) 1,761,769 199,211 3,700 50,000 205,320 2,220,000
M. COST SHARING PROPOSED LEVEL $ 0

Pl/PD NAME



APPENDIX A     
Summary Table of faculty support (annual basis) showing person-months (MRSEC, other NSF, other federal, other 
non-university) for each MRSEC faculty member, by academic department  (current year).   
NOTE:  (1) The total dollar support columns ($k) should include salary of faculty member and share of faculty 
member’s support for students, postdocs, materials/supplies, etc., including overhead. 
(2) The names listed in this table should be consistent with the List of Center Participants at the beginning of the 
annual report. 
Support of NSF-MRSEC Faculty (or equivalent for nonacademic participants) for the  
Current Award Period.  Please list faculty names by academic department (or equivalent) 

  Person-Months of Support (Academic Year and Summer) 
 NSF MRSEC Funds 

($K) 
NSF 

MRSEC 
Other NSF Other Fed. 

Gov. 
Other Non-
University 

Dept.      

Bioengineering      

Peter Butler    .2/0  

      

Chemical Engineering      

Kyle Bishop    0/1.8  

Ali Borhan     1.0/0 

Enrique Gomez      

Darrell Velegol   0/1.0 0/.15  

      

Chemistry      

David Allara    0/.07  

John Asbury   .75/.25 .75/.25 .63/.46 

John Badding   .75/.25 1.51/1.50  

Jacqueline Bortiatynski      

Lasse Jensen   .75/.25   

Thomas Mallouk   .37/.13 .45/.50  

Scott Phillips   .75/.25 .75/.25 .75/.50 

Ayusman Sen   0/1.0 2.33/.77 .90/.30 

Raymond Schaak   .38/.12 .75/.25  

      

Electrical Engineering       

Suman Datta   0/.5 .19/.06 0/1.5 

Thomas Jackson      

I.C. Khoo    0/.30  

Zhiwen Liu   0/1.75   

Theresa Mayer   .81/.27 .25/1.25 0/1.0 

Douglas Werner    0/3.0  

      

Civil Engineering      

John Regan   .09/.03   

      

Eng. Sci. & Mechanics       

Tony Jun Huang    0/3.0  

      

Mat. Sci. & Engineering      

Long-Qing Chen   .5 1.8 .5 

Venkatraman Gopalan   .80/.27 .19/.06  

Michael Hickner   .87 7.06 2.44 

Suzanne Mohney   .36 .6 3.02 

Susan Troiler-McKinstry   0/1.0 1.53/.51 2.85/.95 

Joan Redwing   1 1 2.1 

 
 
 
 
 
 



 2 

 
  Person-Months of Support (Academic Year and Summer) 
 NSF MRSEC Funds 

($K) 
NSF 

MRSEC 
Other NSF Other Fed. 

Gov. 
Other Non-
University 

Physics      

Moses Chan   0/.75   

Vincent Crespi   0/1.0 2.26/.76  

Jainendra Jain   .75/1.25   

Ronald Redwing   0/.50   

Nitin Samarth   0/.25   

Peter Schiffer   .75/1.25 1.48/.50  

Jorge Sofo   0/.50 .25/.08  

Jun Zhu   0/1.15 .75/.25  

      

Center Support Sub-
Contracts 

     

      

Jayatri Das 25,000 2.3 5.4 3.0 1.3 

Craig Fennie 141,450 .5  1/1.5  

Kevin Kelly 35,000  1.0 1.0  

Xiaoquing Pan 50,000     

Karin Rabe 50,000 .25  2.00  

Ramesh 
Ramamoorthy 

50,000 
  

3.0 
 

Steven Synder 25,000     

James Tour 35,000  .5 1.5 1.0 

Paul Weiss 50,000  0/.50 0/2.0 0/.50 

 
 



APPENDIX B  
Number of faculty (or equivalent for nonacademic participants), the participants' departmental affiliation, 
postdocs, graduate students, undergraduates, and support staff in the MRSEC, showing number of 
women and members of underrepresented minority groups.   For information on which ethnic and 
minority groups constitute URMs, see for example: 
http://www.nsf.gov/od/broadeningparticipation/nsf_frameworkforaction_0808.pdf 
 
NOTE:  (1) The salaried faculty participants are those who receive faculty salary support. 
(2) The sum of faculty participants by department will be the same as the sum faculty participants in the 
top of the table and listed at the beginning of the annual report.  Pick one department affiliation for 
faculty with multiple affiliations.   (3) Indicate in a footnote center participants, by academic level not 
name, that are disabled.  Example, 2 post docs and one graduate student are disabled. 

CENTER PARTICIPANTS 
 
Center:   PSU MRSEC                    Current Year Period:  3/1/11 – 2/29/12  
Designation 
 
 

Total Female  Underrepresented 
minority  

    
Faculty participants(tenure track) 41 7 2 
 - Receiving salary support from MRSEC funds 2 0 0 
Faculty participants(non-tenure track) 3 2 1 
 - Receiving salary support from MRSEC funds 0 0 0 

    
Faculty participants by Department (tenure and 
non-tenure track) 

   

Physics 10 1 1 
Materials Science 9 3 0 
Chemistry 10 1 0 
Biological Sciences 0 0 0 
Geological Sciences 0 0 0 
Mathematics 0 0 0 
Electrical Engineering 6 1 0 
Chemical Engineering 4 0 1 
Mechanical Engineering 0 0 0 
Other Engineering 4 0 0 
Other Science 1 1 0 

    
Postdocs  10 3 1 

    
Graduate Students (do not include PREM) 52 15 4 

    
Undergraduate Students (not REU or PREM) 1 0 0 

    
Technical Support Staff – Shared Facilities 1 0 0 

    
Technical Support Staff – non Shared Facilities 0 0 0 

    
IRG Leaders 4 1 0 

    
Education Staff not reported elsewhere 1 1 0 

    
Administrative Support Staff 2 2 0 
 
 

http://www.nsf.gov/od/broadeningparticipation/nsf_frameworkforaction_0808.pdf


APPENDIX C 
EDUCATION OUTREACH 

Center: PSU MRSEC                                            Current Year Period: 3/1/11 – 2/29/12  
 

Designation Number of 
Active 

Participants 

Number funded 
by NSF MRSEC 

   
REU Students total 30 2 
Female 7 0 
underrepresented minority 6 1 

   
RET Teachers total 6 0 
Female 2 0 
underrepresented minority 2 0 

   
Other Pre-College Teachers total 0  
Female 0  
underrepresented minority 0  

   
Undergraduate Faculty total 0  
Female 0  
underrepresented minority 0  

 Number of K-12 
students 
receiving 

MRSEC funds 
for stipend (not 

supplies) 

Number of K-12 
students      
Impacted 

Participants 

K-12 Students total   
Female   
underrepresented minority   

  $K 
Breakout of MRSEC Educational Funds 
(do not include supplements) 

  

K-12  119 
MRSEC REU support  35 
Other Undergraduate support  0 
RET support, not supplement  2 
Informal Science  67 
Total Education Outreach (same as Total as 
MRSEC Education Budget column) 

 223 
 

   
REU and RET Site support (separate NSF 
award) 

 155 

   
REU and RET supplements  0 

  



APPENDIX D1      
Summary Table of annual dollar levels of support (or dollar equivalent):  
Cost sharing support of the MRSEC for the current closing and proposed year from each of the 
following sources (the total must equal line M in the respective Total MRSEC Budgets): 
      
 

TEMPLATE 
 

COST SHARING   
 

 
Center: PSU MRSEC 
   
 Current Year Proposed Year 
Reporting Period   
Designation $K $K 

   
Cost Sharing   
State   
Local   
Foundation   
Industry   
University   
International   
Other   

   
Total Cost Sharing (same as line M in budget) 0 0 
 

 
Cost sharing explanation page: Please attach a brief list of cost sharing allocations  (i.e., how 
cost sharing funds were spent: faculty salary, student support, equipment, etc).  
 
 
 
 
 
 
 
 
 
 
  



APPENDIX D2       
Summary Table of annual dollar levels of support (or dollar equivalent):  
Cost contributions; i.e. complementary support for MRSEC activities not listed on line M in the 
budget.  The MRSEC effort can be augmented by other sources, which may include cash 
contributions, sponsored projects to the Center, equipment donations, laboratory renovations, etc. 
Note: Do not include sponsored projects to the individual faculty members, even if they are 
related to the core mission.    

 
 

TEMPLATE 
 

  COST CONTRIBUTIONS 
 
Center: PSU MRSEC 
      
 Current Year Proposed Year 
Reporting Period   
Designation $K $K 

   
Cost Contributions (support not on line M)   
Other NSF (include supplements to the 
MRSEC) 

0 0 

Other Federal 0 0 
State 0 0 
Local 0 0 
Foundation 0 0 
Industry 0 0 
University 905 943 
International 0 0 
Other 0 0 

   
Total Cost Contributions 905 943 
 

 
 

Cost contribution explanation page: Please attach a brief list of cost contributions (i.e., how 
cost sharing funds were spent: faculty salary, student support, equipment, etc).  Do not include 
buildings. 

 
 
 

  



APPENDIX E        
Output - Provide numerical data on Publications, Patents and Center graduates. 
 

TEMPLATE 
 

OUTPUT 
Center: PSU MRSEC                       Current Year Period:  3/1/11 – 2/29/12  
 
Designation Number 

Current 
Year 

Cumulative 
Totals for 
this Award 

Publications from IRGs and Seeds   
Primary Publications that acknowledge MRSEC Support 23 71 
Partial Publications that acknowledge MRSEC Support  56 77 
Number of Primary and Partial Publications that 
acknowledge MRSEC Support co-authored by 2 or more 
Center faculty level participants 

 
 

31 

 
 

80 
Publications resulting from center research, but from non 
NSF MRSEC support 

 
0 

 
0 

Shared Facilities 2 4 
Number of Publications with an international collaborator 
as a co-author 

 
28 

 
39 

   
Patents    
Awarded  0 3 
Pending  0 2 
Licensed  0 0 
 
 
 Terminal Masters 

Students Graduated 
Ph.D. Students 

Graduated 
Post-doctors 

Completed Study 
Next position Number 

Current 
Year 

Cumulative 
Totals for 
this Award 

Number 
Current 

Year 

Cumulative 
Totals for 
this Award 

Number 
Current 

Year 

Cumulative 
Totals for 
this Award 

Academic Inst. 0 0 4 16 0 7 
National Labs  1 1 1 2 0 1 
Industry 0 0 3 13 0 1 
Non-science 0 0 0 1 0 0 
No data/no job 0 1 2 8 0 1 
Total 1 2 10 40 0 10 
       
Women 1 2 5 12 0 5 
URM (All) * 0 0 0 0 0 5 
URM (US) * 0 0 0 0 0 0 
 

* URM = Under-Represented Minorities in Science Technology Engineering and Mathematics 
(STEM). Please report two numbers for graduate students and post-docs: all URM and those that are 
US citizens or Permanent Resident Aliens.  
For information on which ethnic and minority groups constitute URMs, see for example: 
http://www.nsf.gov/od/broadeningparticipation/nsf_frameworkforaction_0808.pdf 

http://www.nsf.gov/od/broadeningparticipation/nsf_frameworkforaction_0808.pdf


 
APPENDIX F         
 
 

TEMPLATE 
 

COLLABORATIONS 
 
Center: PSU MRSEC                      Current Year Period : 3/1/11 – 2/29/12  
 
 
 
Designation Numbers 
Collaborators (in addition to Center participants) 
Academic Institutions 22 
Academic collaborators  28 

  
National Labs 2 
National Lab collaborators 2 

  
Industry (# of companies) 0 
Industry collaborators (# of individuals) 0 

  
Users of Shared Facilities (in addition to Center participants, including 
those supported by the Materials Research Facilities Network or MRFN) 
Academic Institutions 7 
Academic collaborators 4 

  
National Labs 0 
National Lab collaborators 0 

  
Industry (# of companies) 0 
Industry collaborators (# of individuals) 0 
  
Users of Shared Facilities supported by MRFN  
Academic Institutions 3 
Academic collaborators 0 
  
National Labs 0 
National Lab collaborators 0 
  
Industry (# of companies) 0 
Industry collaborators (# of individuals) 0 
 
  



APPENDIX G 
NSF MRSEC support by IRG and other activities for both the current and the requested award 
period.  Note:  For each entry in the Table, include indirect costs.  Subtotals for Research, 
Education Activities and Human Resources, Outreach and Knowledge Transfer, Shared 
Equipment and Computational Facilities, and Administration should be the same as those 
reported in the breakout budget Excel Spreadsheet.  Include major capital equipment under 
shared experimental facilities.  Support for graduate students should normally be included under 
research, not under education and human resources. 
 

TEMPLATE 
 

MRSEC SUPPORT 
 
Center: PSU MRSEC  
    
 
Designation $K 

Current 
award 
period 

% of total 
budget 

$K 
Requested 
award 
period 

% of total 
budget 

     
IRG 1 360 16 380 17 
IRG 2 360 16 375 17 
IRG 3 350 16 395 18 
IRG 4 320 14 395 18 
Total all IRGs 1390 62 1545 70 
Seeds and Emerging Areas 187 9 217 9 
Total Research (IRG’s + Seed’s) 1577 71 1762 79 
Education Activities and Human 
Resources  223 10 199 9 

Knowledge Transfer (industry and others) 3 1 4 1 
Shared Experimental and Computational 
Facilities 0 0 50 2 

MRSEC Administration 109 4 205 9 
     

Total 1,912 86 2,220 100 
     

Shared facilities equipment 50 2 30 1 
Other equipment 0 0 20 1 
Total equipment 50 0 50 2 

     
SEF Technical staff supported by Center 0 0 0 0 
  



APPENDIX H   
Additional support that leverages NSF MRSEC support and how this additional support is spent 
in the Center on an annual basis (Total MRSEC award / 6).  This additional support consists of 
cost sharing and cost contributions as defined in Appendices D1 and D2.  The numbers provided 
in this table should be consistent with those in appendices D1, D2, and G. 
 

TEMPLATE 
 

MRSEC Leveraged SUPPORT (current award period) 
 
Center: PSU MRSEC                          Current Year Period: 3/1/11 – 2/29/12      
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 $K $K $K $K 
IRG 1 340 0 100 440 
IRG 2 340 0 70 410 
IRG 3 370 0 70 440 
IRG 4 381 0 85 466 
Total all IRGs 1,431 0 325 1,756 
Seeds and Emerging Areas 188 0 110 298 
Total Research (IRGs + Seeds) 1,619 0 435 2054 
Education Activities and Human 
Resources Shared  255 0 310 565  

Knowledge Transfer (industry and others) 15 0 25 40 
Shared Experimental and Computational 
Facilities 125 0 100 225 

MRSEC Administration 196 0 45 241 
     

Total 2,220 0 905 3,125 
     

Shared facilities equipment 51 0  0 
Other equipment 0 0  0 
Total equipment 51 0  0 

     
SEF Technical staff supported by Center 0 0  0 



APPENDIX I  
Partnering Institutions 

(with examples shown) 
 

   Center: PSU MRSEC                                                                                         Current Year Period: 3/1/11 – 2/29/12  
 

 
                          Indicate nature of financial support and type of partnering institution 
                                              (more than one box may be checked) 

 

 Name of Institution 

 
Receives 
Financial  
Support  

from MRSEC 

 
Contributes 

financial 
support to 

the MRSEC 

 
Minority 
 Serving 

institution 
Partner 

 
Female  
Serving 

Institution 
Partner 

 
National  

Lab/other 
govt 

Partner 

 
Industry 
Partner 

 
Museum 
Partner 

 
International 

Partner 

I.  Academic Partnering         
Institutions Cornell University X        

 Michigan University 
 

X        

 Rice University X X       
 

 Rutgers University X        

 UC Berkeley X        

 UC Los Angeles X X       

 University of Puerto Rico   X      

Total Number Academic 
Partners 7 7 2 

 
1 

     
 

          
II.  Non-academic Partnering 
Institutions Franklin Institute X      X  

          
Total Number Non-academic  
Partners 1 

 
1 

 
 

 
 

  
 

   

Total Number of academic and non-
academic partners 8 

        

 



Appendix J  
Title of Seed Projects   Expectation(s) Outcomes 
 Date 

started 
(mm/yy) 

Date 
ended 
(mm/yy) 
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Nanostructured Phase Change Building Blocks for Optical 
Metamaterials 09/10 present X         
New Roto Symmetries and Properties in Complex Oxides 09/10 present X         
Spin Polariztion Control in Graphene 09/10 present X         
Charge Transfer Complex Organic Photovoltaics 09/10 present  X        
Ferroic Couploing and the Role of Dimensionality in Ruddlesden-
Popper Complex Oxides  08/09 09/10   X  X X    
Enzyme-Assisted Directed Motion at the Nanoscale 08/09 09/10 X  X  X X    
Materials Engineering of Hybrid Systems for Quantum 
Information Processing 08/09 09/10 X  X  X X    
Bloch Oscillations in 1D Nanowires 07//08 07/09 X  X  X X    
Vapor Phase Additive Pattern Transfer and Selective Surface 
Modifications of Microstructured Optical Fibers (MOF’s) 07/08 07/09 X    X X    
Nanoparticle-Enabled Fabrication of Miniaturized Metallic 
Components for Biomedical Applications 07/08 07/09 X  X  X   X  
Graphene Derived Structures for Two-Dimensional Electronics  07/08 07/09  X  X  X X    
Hierarchical Morphology Control and Charge Carrier Dynamics in 
Organic Photovoltaics 01/08 07/09 X  X  X   X  
Understanding and Harvesting Biomimetic Molecular Motors 
for Active Plasmonics 01/08 07/09 X  X  X X    
Correlation of Biological Constraints and Electricity Production 
Using a Micro Microbial Fuel Cell (MMFC) 01/08 07/09 X  X  X   X  
Bottom-up Assembly of Ordered Metamaterials 07/05 09/08  X X  X   X  
Strain-Enabled Multiferroics 07/06 09/07  X X  X  X   
Nanoscale Multiferroics and Magnetoelectric Heterostructures 07/05 06/06  X X  X  X   
Controlled Junction Formation at Nanostructure Interfaces 07/04 12/05 X       X  
Inorganic Etch Resists 07/04 12/05 X  X  X    * 
Nanostructured Composite Materials for PEM Fuel Cells 07/04 12/05  X X     X  



 
 

Title of Seed Project   Expectation(s) Outcomes  

 Date 
started 
(mm/yy) 

Date 
ended 
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Directional surface locomotion of hydrogel microspheres 07/04 12/05 X  X      * 
Photoresist Materials for Surface Imaging Nanolithography 07/04 12/05 X  X      * 
Hybrid Metal-Semiconductor-Dielectric Holey Fiber Nono-
Phontonics 07/03 12/04 X    X X    
Protein Simulations in Confined Environments 07/03 12/04 X  X     X  
Catalytic Nanomotors 07/03 12/04 X  X  X X    
Fluorescence-Polarization Correlation Spectroscopy for Single-
Molecule Studies 07/03 12/04 X  X      * 
Nanowire Sculptured Thin Films for Photonic and Sensing 
Applications 07/03 12/04 X  X     X  
Spin Dependent Transport n Si Nanowires 07/03 12/04 X  X  X X    
E-Beam Lithography for Synthesis and Characterization of Metal 
and Semiconducting Nanowires 07/02 12/03 X  X  X X    
Modeling the Dynamic Response of Nanowires Structures for 
Integrated Nano-Mechanical Biosensor Arrays 07/02 12/03 X  X     X  
TiO2 Nanotube Hydrogen Sensors 07/02 12/03 X  X  X   X  
Catalytic Polymerization inside Nano-Channels: Towards 
Simultaneous Attainment of Synthesis and Assembly of 
Nanomaterials 

07/02 12/03 X  X  X   X  
Semiconducting Organic-Inorganic Hybrid Nanostructures for 
Optoelectronics 07/02 12/03 X  X      * 
Implementation of a Wet-Cell Collection-Mode nearField Optical 
Microscope for Imaging the Actin and Myosin Molecular 
Interaction 

07/02 12/03   X     X  
Novel Fabrication Techniques for Free-Standing Nanomechanical 
Structures 07/02 12/03 X       X  
Novel Ionic Composites for Removal of Biological and Chemical 
Agents 07/02 12/03 X  X     X  
Nanostructure of Magnetic Oxides 07/02 12/03 X  X     X  
Patterning Signaling Complexes in Live Cells and Model 
Membranes 07/02 12/03   X      * 

 



 
 

Title of Seed Project   Expectation(s) Outcomes  
 Date 
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(mm/yy) 

Date 
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A Study on the Fabrication, Structural Characterization and 
Magnetic and Transport Properties of Superconductivity And 
Magnetic Nanowires 

07/02 12/03 X    X X    
Interfaces in Heterostructured Nanowires And Micro-Disks: 
Atomic Scale Structures, Chemistry and Electronic Structure 07/02 12/03 X  X  X X    
Novel Piezoelectric Strain-Tunable Photonic Crystals 07/01 12/02 X  X  X X    
Superconductivity and Quantum Phase Transition in 1 
Dimensional, Superconducting Au/Ge Wires 07/01 12/02 X       X  
Effect of Confinement on Polymer Fragility and Cooperative 
Glassy Dynamics 07/01 12/02 X  X     X  
Template-Based Fabrication of Metal-Semiconductor-Metal 
Nanowires 07/01 12/02 X  X  X X    
Spins in Confined Geometries 07/01 12/02 X  X  X X    
Totals   37 5 35 0 25 16 2 17 6 

 
 
Transformative aspect of “Enzyme-Assisted Directed Motion at the Nanoscale” are the first observation of substrate-induced changes in enzyme 
motility, which could lead to new concepts in control of catalysis. Transformative aspect of “Ferroic Coupling and the Role of Dimensionality in 
Ruddlesden-Popper Complex Oxides” is the ability to design a new family of multiferroic materials that couple electrical and magnetic and strain 
responses. Transformative aspect of “Materials Engineering of Hybrid Systems for Quantum Information Processing” is the design of new hybrid 
quantum wires that combine two distinct semiconductors with complementary properties for spin manipulation and transport. 
 
* project discontinued after seed funding period 
 
 
 
 
 



 
Appendix K 
 
Please list the name of all start-up companies based on MRSEC research from this and previous MRSEC, MRL, and MRG award periods.   
 
 
 
 
Company Name Year of 

establishment 
Brief Name of IRG 
or SEED where 
research originated 

Estimated 
Number of 
Employees 

City, State, Zip Website 

None       
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