
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 overall involve fifty two stu-
dents and post-doctoral fellows, forty five 
faculty from nine academic departments, and 
a number of external academic and industrial 
partners.
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 
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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 demonstrated full 
electric-field control of the magnetic mo-
ment in EuTiO3, a novel ferroelectric fer-
romagnet predicted by the team in a prior 
year. The team has also discovered a new 
strain-induced multiferoic phase in 
BiFeO3 and discovered new emergent 
phenomena in domain walls.



Huck Institutes for the Life Sciences, and the 
Penn State Institutes for Energy and the Envi-
ronment. In 2012, the Center maintained sup-
port of an IRG-level Seed on defect engineer-
ing in 2D structures, in preparation for an in-
ternal competition for inclusion in the re-
newal proposal. This Seed has already ob-
tained fascinating results on strong photolu-
minescence from the edges of WS2 monolay-
ers.

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 3,500 
K-12 students, 18 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 women at all career stages 
and under-represented minority high school 
students.  
In collaboration with the Franklin Institute, 
the Center is proceeding in the development 
of a fifth kit/show, featuring hand-held elec-
tronic devices. The fourth museum show kit, 
Hidden Power, was put into use by 16 partner 
museums. In addition, through the Franklin’s 
partnership with the Science Leadership 
Academy, a science magnet school in Phila-
delphia, the MRSEC recruits high school stu-
dents into our Science Leadership summer 
camp. 
The MRSEC serves as a hub K-12 outreach 
activities at Penn State.  The Center has con-
tinued to develop content, provide staff sup-
port, and support scholarships for members of 
under-represented groups to attend summer 
science camps through the Science-U pro-
gram at Penn State. The Science Leadership 
camp mentioned was successfully continued 
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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 evidence for trapped fluxons 
within multiphase ultralong Ga-In wires 
within optical fibers, long-ranged proxim-
ity effects in Ni/Al systems, unusual peri-
odic magnetic fingerprints in Bi2Se3 films 
of possible mesoscopic origin.

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 
predicted a novel form of chiral diffusion 
of powered nanorotors, and demonstrated 
new mechanisms of sustained triggered 
pumping and controllable acoustically 
powered motion.



into its third year. The MRSEC delivered a 
TailGreat outreach event to over 100 children 
and their families before a home football 
game, participated in Nanodays, and deliv-
ered a nanotechnology workshop for teachers.
The Center continues to foster active in-
volvement of undergraduates and high school 
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 be strong. Through its Diversity 
Committee, the Center joins forces with rele-
vant departments, colleges, and minority-
focused organizations at Penn State in foster-
ing exchange of faculty and recruiting gradu-
ate students from minority-serving institu-
tions. Activities this year included a new 
Women in STEM Mixer. The Center is con-

tinuing to benefit from mutual visits and sci-
entific ties with partner minority-serving in-
stitutions in Texas and Puerto Rico.  Programs 
continue to be actively evaluated.
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 sixth 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-
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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 preci-
sion over meter lengths. The IRG has 
achieved high-power infrared optical fi-
bers, amorphous silicon fibers+cladding 
with excellent optical properties, novel 
Bragg fibers, scalable fabrication of inte-
grated p-n radial junctions, infiltration of 
complex nanoscale structures, a suite of 
new optical metamaterial devices based 
on transformation optics and quasicrystal-
line nanosphere arrays, and emerging 
techniques in deterministic assembly of 
plasmonic nanoparticles.



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 
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 is spear-
heading preparations for the NSF renewal.
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. The 
IRG has demonstrated full electric-field con-
trol of the magnetic moment in EuTiO3, a 
novel ferroelectric ferromagnet predicted by 
the team in a prior year. The team has also 
discovered a new strain-induced multiferroic 
phase in BiFeO3 and discovered new emer-
gent phenomena in domain walls.

 The IRG team has developed a theory to 
couple rotary nanomotors to chiral substrates 
to enable a new form of chiral chromotogra-
phy. It has also demonstrated new mecha-
nisms of sustained pumping triggered by tran-
sient signals, demonstrated novel powered 
behaviors in single-enzyme systems – a new 
length-scale frontier for these systems – and 
developed new means of controllable acousti-
cally powered motion that is compatible with 
a wider range of environments.

 There have been several new advances in 
the area of charge and spin transport in quasi-
ID nanostructures in IRG3. The IRG has ob-
served evidence for trapped fluxon dynamics 
within multiphase ultralong Ga-In wires 
within optical fibers, by far the longest super-
conducting nanowires fabricated to date with 
access to new physical regimes. We have also 
observed long-ranged proximity effects in Ni/
Al systems and unusual periodic magnetic 
fingerprints in Bi2Se3 films of possible 
mesoscopic origin.

 The Center has continued to make signifi-
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cant advances in nanostructures grown in 
mesostructured optical fibers (MOFs) and 
planar metallodielectrics. The IRG has 
achieved high-power infrared optical fibers in 
ZnSe systems, amorphous silicon fiber/
cladding systems with ground-breaking opti-
cal properties, novel Bragg fibers of interest 
for commercial applications, scalable fabrica-
tion of integrated p-n radial junctions, infiltra-
tion of complex nanoscale structures, a suite 
of new optical metamaterial devices based on 
transformation optics and quasicrystalline 
nanosphere arrays, and emerging techniques 
in deterministic assembly of plasmonic nano-
particles.

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 two dozen partner science 
museums were estimated to reach over 
100,000 participants in 2012. The Center’s 
outreach also targets the audience of one, 
through hands-on research experiences, sum-
mer camps, workshops, and local events that 
benefit both participants and student mentors 
from the Center.  In 2012, the fifth kit/show 
has entered the fabrication stage. The Science 
Leadership Camp included a very successful 
evening mixer between the campers and 
MRSEC scientists at all levels. The Center 
continues to work energetically to increase 
the participation of women and under-
represented minorities at all levels, imple-
menting a new STEM Mixer and also initiat-
ing organizational efforts towards a Fall Sci-
ence Open House. At the K-12 levels, 

diversity-focused activities included the sci-
ence leadership camp and guided inquiry 
summer laboratory experiences for high 
school students from disadvantaged schools 
through the Upward Bound program. The 
Center’s REU program continues to be 
strongly diversity-focused, leveraging part-
nerships with minority-serving institutions.
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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 Affiliate 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, & Seed yes 
Scott Phillips   Center Support IRG 2 & Seed  yes 
Ayusman Sen   Center Support IRG 2   yes 
Raymond Schaak  Center Support IRG 4 & Seed  yes 
Mary Beth Williams  Center Affiliate Education Outreach no 
 
 
Electrical Engineering   
Suman Datta   Center Support IRG 3 &  4  yes 
Thomas Jackson  Center Affiliate Seed   no 
Zhiwen Liu   Center Support IRG 4 and Seed yes 
Theresa Mayer  Center Support IRG 3 & 4  yes 
Srinivas Tadigadapa  Center Support IRG 3   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 
Roman Engle-Herbert  Center Support IRG 1   yes 
Michael Hickner  Center Affiliate Seed   yes 
Suzanne Mohney  Center Support IRG 3   yes 
Susan Trolier-McKinstry Center Support IRG 1 & Seed  yes 
Joan Redwing   Center Support IRG 3   yes 
Ron Redwing   Center Affiliate  Education Outreach no 
 
 
Physics  
Moses Chan   Center Support IRG 3   yes 
Vincent Crespi  Center Support IRG 2, 4 & Seed no 
Eric Hudson   Center Support Seed   yes 
Jainendra Jain   Center Support IRG 3   yes 
Qi Li    Center Support IRG 3   yes 
Nitin Samarth   Center Support IRG 3   yes 
Peter Schiffer   Center Support IRG 1 & 3  yes 
Jorge Sofo   Center Affiliate Seed   yes 
Mauricio Terrones  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)  
 
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 National Lab mvholt@anl.gov Nanoscale xray imaging  IRG 1 No 
Sergei V. Kalinin Oakridge National Lab sergei2@ornl.gov Piezoelectric Force Microscopy IRG 1 No 

Stanislav Kamba Academy of Sciences, Czech 
Republic kamba@fzu.cz Optical Spectroscopy IRG 1 No 

Keji Lai University of Texas, Austin kejilai@gmail.com Microwave Microscopy IRG 1 No 

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

James Rondinelli Drexel University jrondinelli@coe.drexel.edu First Principles Theory IRG 1 No 
Nicola Spaldin ETH Zurich nicola.spaldin@mat.ethz.ch First Principles Theory IRG 1 No 
Hua Zhou Argonne National Lab hzhou@anl.gov Xray COBRA imaging IRG 1 No 
Jiamian Hu Tsinghua University hjm08mails.tsinghua.edu.en Phase Field Modeling IRG 1 No 

Misael Diaz University of Puerto Rico-
Mayaguez misael.diaz@upr.edu Modeling, Bacterial Motility  IRG 2 Yes 

Ulbaldo M. 
Cordova-Figueroa 

University of Puerto Rico-
Mayaguez ubaldom.cordova@upr.edu Modeling IRG 2 No 

Leonhard Grill Fritz-Haber-Institut, Berlin 
Germany leonhard.grill@physik.fu-berlin.de Nanocar Analysis IRG 2 No 

Mauricio Hoyos ESPCI (Paris Tech) hoyos@pmmh.espci.fr Colloidal Particles IRG 2 Yes 

Lamar Mair NIST lamar.mair@nist.gov Fabricating magnetic micromaterials 
and nanomaterials IRG 2 Yes 

Sergey Shklyaev Institute of Continuous 
Media Mechanics shklyaev@yandex.ru Modeling IRG 2 No 

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

Yu-Chang Chen National Chiao Tung 
University yuchangchen@mail.nctu.edu.tw Electron Transport IRG 3 No 

Shunqing Shen University of Hong Kong sshen@hku.hk Theoretical Condensed Matter Physics IRG 3 No 

Mingliang Tian High Magnetic Field 
Laboratory tianml@hmfl.ac.cn Transport Measurements, High 

Magnetic  IRG 3 No 

Jian Wang Peking University jianwangphysics@pku.edu.cn Electronic Transport IRG 3 No 
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Collaborator Institution E-mail Field of Expertise IRG 
Association 

Shared 
Facilities 
User  

Qikun Xue Tsinghua University & 
Institute of Physics qkxue@tsinghua.edu.cn MBE and STM IRG 3 No 

Mo Hai Xie University of Hong Kong mhxie@hkusua.hku.hk MBE IRG 3 No 
Noel Healy University of Southampton nvh@orc.soton.ac.uk Nonlinear Photonics IRG 4 No 

H. Kapteyn University of Colorado  henry.kapteyn@colorado.edu High Harmonic Generation/hollow 
Waveguides IRG 4 No 

Priyanth Mehta University of Southampton pm4g09@orc.soton.ac.uk Nonlinear Photonics IRG 4 No 

M. Murnane University of Colorado  margaret.murnane@colorado.edu High Harmonic Generation/hollow 
Waveguides IRG 4 No 

Mario Pantoja University of Ganada, Spain mario@ugr.es Computational Electromagnetics IRG 4 No 
Anna Peacock University of Southampton acp@orc.soton.ac.uk Nonlinear Photonics IRG 4 No 
Pier Sazio University of Southampton p.a.sazio@orc.soton.ac.uk Semiconductor Physics IRG 4 No 

Chi-Wen Cheng National Chiao Tung 
University chiwing.ac96g@nctu.edu.tw Ultrafast Infrared Spectroscopy Seed No 

Ilia Ivanov Oak Ridge National Lab. ivanovin@ornl.gov Hybrid Nanostructures Seed No 
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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, 
support of a nascent science exposition for graduate-school-bound seniors, 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 focuses on strain tuning and layer tuning and resulting new phenomena in complex oxides 
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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 
give 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. Predictive theory closely coupled to 
experiment plays a crucial role in these studies.

IRG2 focusses its efforts onto catalytic nano/microscale motors that employ catalytically driven 
ion flow, hydrolysis, and acoustic energy, spanning the full range from design, to fabrication and 
modeling, 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 
fiber deposition at extreme aspect ratios a novel multiwire configurations, 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, including 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. IRGs 3 and 4 have recently sparked new research directions at their interface, leading to 
a new initiative that we are temporarily calling “IRG3.5”, which will be competing for a position 
in the renewal proposal.

The seed grant program continue sto 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 prior renewal. In 2012, the Center progressed towards renewal with the further support of the 
“Seed IRG” on defects in 2D materials initiated in the last cycle. The next stage in the renewal 
process is a rigorous internal competition of IRG white papers, including both re-envisioned 
existing IRGs and also entirely new IRG concepts solicited broadly from across the university 
community.

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, 
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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 
content on topics that resonate with the public. In partnership with The Franklin Institute (TFI), 
new museum shows will be 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. In a new initiative, the MRSEC is supporting the development of a 
science exposition to occur in the Fall as a means to facilitate the entry of undergraduates from 
underrepresented groups into graduate-level research.

The Center recruits students and postdocs from under-represented groups through ongoing 
collaborations with partner institutions in Puerto Rico, 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.  

Strategic Plan
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IRG1:  STRAIN-ENABLED MULTIFERROICS. V. Gopalan (IRG leader), L.Q. Chen, R. 
Engel-Herbert, S. Trolier-McKinstry (all Penn State), P.E. Schiffer (U. Illinois, UC), 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), N. Spaldin (ETH, Zurich).

Students and Postdocs:
Graduated: Charles Brooks (Penn State), Benjamin Winchester (Penn State), Che-Hui (Kevin) 
Lee (Penn State), Jessica Leung (Penn State), 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), J. Moyer (Penn State), Sava Denev (Postdoc, 
Penn State). 

Current: Y. Gu (Penn State), C. Eaton (Penn State), L. Zhang (Penn State), H. Zhang (Penn 
State), F. Xue (Penn State), R. Haislmaier (Penn State), A. SenGupta (Penn State), S. Lei (Penn 
State), R. Thayer (Penn State), Di Yi (Berkeley), Alexander Melville (Cornell), Turan Birol 
(Postdoc, Cornell), L. Z. Li (Michigan), L. Palova (Rutgers), Anil Kumar (Rutgers), Guangsha 
Shi (Michigan), James Clarkson (Berkeley), Qibin Zhou (Rutgers), Hena Das (Postdoc, Cornell), 
Tom T. A. Lummen (Postdoc, Penn State), Raegan Johnson-Wilke (Postdoc, Penn State).

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 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: Of the six known mechanisms to create multiferroics, four 
have been proposed and discovered by this team. Emergent ferroic phenomena in layered 
structures, domain walls and interfaces have been discovered. A new symmetry in nature (roto 
symmetry) has been discovered. Starting from its inception as a seed in 2006, this group has 
published 140 peer-reviewed papers. This includes 20 in Nature and sister journals, 4 in Science, 
14 in Phys. Rev. Lett. and others in journals such as Phys. Rev. B, Advanced Materials, Annual 
Review of Condensed Matter Physics, J. Am. Chem. Soc., Adv. Mater., Appl. Phys. Lett., J. Appl. 
Phys., etc. Over 60% of these publications involve at least two MRSEC PIs. The team has 
graduated 12 PhDs and 4 postdocs.

RESEARCH HIGHLIGHTS (CURRENT-YEAR HIGHLIGHTS IN BOLD):
• Four new mechanisms for mutliferroicity proposed and discovered: spin-phonon coupling 

(Nature, 2010,1 20112), A-site ferroelectricity/ B-site magnetism (Science, 2009)3, coupled 
Jahn-Teller distortion and Dzyaloshinsky-Moriya interaction4, and hybrid improper 
multiferroicity (in preparation). 
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• Discovery of a new symmetry in crystals, namely “roto” symmetry (Nature Materials, 
2011).5  This applies to octahedral rotations in complex oxides that can influence properties 
such as mediating coupling between polarization and magnetism in layered perovskites. 
(Phys. Rev. Lett., 2011)6, and with strain (Phys. Rev. B, 2011).7

• Discovery of thermotropic phase boundaries in classic lead-free ferroelectrics, in analogy 
with morthotropic phase boundaries in lead-based ferroelectrics (in review).

• A paraelectric antiferromagnet in bulk form such as EuTiO3, when biaxially strained in thin 
film form becomes a strong ferroelectric ferromagnet.1,2 Electric-field control of magnetic 
interactions have been demonstrated (Nat. Comm. 2013)8.

• New insights into the atomic scale structure and dynamics of ferroelectric domain walls, such 
as Bloch and Neel-like ferroelectric walls (Phys. Rev. B, 2009),9 long-range influence (Phys. 
Rev. B, 2010)10, and atomic resolution dynamics (Phys. Rev. Lett. 2012,11 Adv. Materials 
2012,12 Science 201113, Nature Commmun. 201114).

• Strain-induced isosymmetric phase transitions (Science, 2009)3 (Phys. Rev. Lett. 2012)15 and 
observation of room temperature magnon sidebands (Phys. Rev. B, 2009 16).

• Strain-enabled ferroelectricity in strained Ruddlesden-Popper phases (Phys. Rev. Lett. 
2011),17 strained SrTiO3 (Phys. Rev. Lett. 2010,18 Science, 2009 19, Phys. Rev. Lett., 2008 20) 
and CaTiO3 (Phys. Rev. B, 201221 and 2009).22

• Multiphase multiferroics and devices (Adv. Materials 2012,23 Nature Commun. 201124,25Appl. 
Phys. Lett. 201126, Phys. Rev. Lett. 201027).

HIGHLIGHTS FROM 2012-2013:

Control of Magnetic Interactions by an Electric Field (Nature Commun. 2013)8: The team has 
previously predicted and demonstrated that a paraelectric antiferromagnet such as EuTiO3 will 
become a ferroelectric ferromagnet under biaxial tension or compression (Nature, 2010, 2011).1,2  
We have recently demonstrated (Nature Commun. 2013) full electric-field control of the 
magnetic moment in this material. X-ray resonant 
magnetic scattering (XRMS) was used to confirm 
the magnetic structure and reveals the emergence of 
competition between coexisting magnetic 
interactions in a moderately (-0.9%) compressed 
state of EuTiO3. First-principles density functional 
theory (DFT) calculations identified the third 
nearest neighbor Eu interaction as central to the G-
AFM structure of EuTiO3. Finally, using in situ 
(electric-field) XRMS, we demonstrate cross-field 
magnetoelectric control by eliminating long-range 
antiferromagnetic (AFM) order and inducing a 
ferromagnetic state. A series of reciprocal space 
scans through the G-AFM (1/2 ½ 5/2)ETO magnetic 

Figure 1.1: A series of L-scans through the G-AFM 
scattered (1/2 1/2 5/2) reflection with incrementally 
increasing electric-field strength showing the 
suppressive response of the AFM signature.[8]
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reflection at 1.9K versus electric-field strength is presented in Fig. 1. The suppression of the 
XRMS intensity with electric-field is clearly displayed and it is eliminated by ~ 105Vcm-1. In 
order to reach a quantitative correlation between experiment and theory, we have used DFT to 
estimate the critical E-field by dividing the energy required to displace the ions by the 
polarization. To generate a polarization field of P=18 μCcm-2, where AFM and FM states are 
degenerate, would require ~5x105Vcm-1. This is comparable to the experimental field found to 
extinguish the AFM state.

New Strain-induced multiferoic phase in BiFeO3 (Phys. Rev Lett., 2012)15:  The IRG team has 
discovered a new orthorhombic phase of BiFeO3. Bismuth ferrite, BiFeO3, is a room temperature 
ferroelectric / antiferromagnet with a rhombohedral structure. We have previously demonstrated 
that compressive strain can induce an isosymmetric phase boundary in multiferroic BiFeO3 films 
(Science, 2009).3  Under tensile strain however, we recently predicted and discovered that an 
orthorhombic phase can be stabilized.15 One of the key discoveries is that the electric boundary 
condition across the film has a significant impact on the emergence of the new phase in BiFeO3.  
The depolarization field effect plays an important role in mediating the phases of BiFeO3 thin 
films under tensile strains.  In the short-circuit boundary condition (the two surfaces of the film 
are electrically shorted, and hence no depolarization field develops), a pure orthorhombic phase 
emerges at ~2.2% tensile strain.  However, the open-circuit 
boundary condition is very different: even at 0% misfit 
strain, the depolarization field suppresses the out-of-plane 
polarization and promotes the formation of orthorhombic 
domains, leading to a mixture of distorted rhombohedral 
and orthorhombic phases. With ~1% tensile strain, a pure 
orthorhombic phase emerges at room temperature. X-ray 
absorption spectroscopy reveals that the antiferromagnetic 
(AFM) axis rotates with strain:  the AFM axis is at 34° to 
the c-axis for BiFeO3 grown on NdScO3.  Optical second 
harmonic generation reveals that the point group symmetry 
is mm2, and the polarization direction (2-fold axis) is in the 
film plane. This study reveals that the crystal structure has 
a strong influence on both ferroelectric and anti-
ferromagnetic ordering, but also suggests the possibility of 
manipulating antiferromagnetic ordering with epitaxial 
strain in BiFeO3 system.

Emergent Phenomena at Domain Walls (Phys. Rev. Lett. (2012),28 Adv. Mater. (2012),29 Phys. 
Rev B (2012)30,31):  
Magnetotransport: Domain walls in multiferroics can exhibit intriguing behaviors that are 
significantly different from the bulk of the material. We investigated strong magnetoresistance in 
domain walls of the model multiferroic BiFeO3 by probing ordered arrays of 109° domain walls 
with temperature- and magnetic-field-dependent transport. In a 100nm BiFeO3 film on a DyScO3 
(110)o substrate, we observe temperature-dependent variations in the transport mechanism and 

Figure 1.2: Optical second harmonic 
generation (SHG) intensity as a function 
of incidence angle for orthorhombic, 
tetragonal and rhombohedral phases of 
BiFeO3, with the corresponding theory 
fits shown in black lines.[15]
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magnetoresistances (MRs) as large as 60%. All the samples studied exhibited a marked, negative 
MR when both magnetic field and transport were parallel to the walls [black curves, Fig. 3]. 
Negative MR values as high as 60% were obtained at a magnetic field of 7 T. Strikingly, when 
the magnetic field was applied perpendicular to the transport path [both in- plane (green) and 
out-of-plane (blue)] or when the transport is perpendicular to the walls, little MR is observed, 
indicating that the MR is directly related to the 
preferential transport parallel to the walls. We 
explored two empirical analyses of the MR vs. B data 
in Fig. 3: (1) a model that approximates the domain 
walls as sheets that exhibit an enhanced magnetic 
moment, and (2) a model that assumes the presence of 
spin clusters within the domain walls and electron 
tunneling or hopping across the clusters. While both 
models reasonably describe the data, we note that a 
precise picture of the magnetic state in the wall is 
likely to be more complex. These results suggest that 
by locally breaking the symmetry of a material, such 
as at domain walls and structural interfaces, one can 
induce emergent behavior with properties that deviate 
significantly from the bulk.

Roto-Flexo Phenomenon:  The IRG team has predicted a new roto-flexo phenomenon at 
interfaces and domain walls, which can lead to significant polarization and pyroelectricity even 
in materials that are non-polar, but possess rigid unit mode rotations. Theoretical analysis based 
on the Landau-Ginzburg-Devonshire theory showed that the combined effect of flexoelectricity 
(polarization arising from a strain gradient) and rotostriction (strain arising from oxygen 
octahedral rotations in complex oxides) can lead to a spontaneous polarization and 
pyroelectricity in the vicinity of antiphase boundaries, structural twin walls, surfaces, and 
interfaces in the octahedrally tilted phase of otherwise nonferroelectric perovskites such as 
CaTiO3, SrTiO3, and EuTiO3. As an example, we predicted a spontaneous polarization and 
pyroelectric response at the SrTiO3 antiphase and twin boundaries at temperatures lower than the 
antiferrodistortive structural phase transition temperature of TS ∼ 105K, in agreement with 
previously unexplained experimental results. The spontaneous polarization reaches the values 
∼0.1 to 0.5 µC/cm2 at the SrTiO3 antiphase boundaries and twins without free charges. We have 
recently discovered polar domains in single crystals as well as nanoparticles of nominally non-
polar CaTiO3.  Preliminary first principles theory and empirical potential  indicate that this is 
likely to be a roto-flexo effect.  This work is in progress.

IN PROGRESS:

Emergent ferroicity in layered structures: 
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 

Figure 1.3: Anisotropic magnetoresistance in 
different directions of external magnetic field in 
BiFeO3 at 10K. [28]
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sequence, n(ABO3)/AO. Recently, our team has predicted32 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. We have now completed the experiments on strained Srn+1TinO3n+1 that confirm these 
predictions. 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. This indicates the importance of the 
dimensionality “n” in turning on and off the ferroelectric properties of the series. In addition, we 
have observed the highest figure of merit for high frequency (GHz) dielectric tuning (% 
tunability divided by tangent loss) in these RP-phases. This work is in preparation for a 
submission.

Octahedral rotation-induced ferroelectricity: Fennie and Rondinelli have recently predicted33 
ferroelectricity in artificial ABO3 layered structures formed by interleaving two bulk materials 
with no tendency to such behavior. This emergent, chemistry-independent form of 
ferroelectricity offers a reliable means to externally address and achieve deterministic electric-
field control over magnetism and electrical/thermal conductivity. A number of gallate, aluminate, 
stannate and zirconate compounds are computationally found to be comparable to the best 
known ferroelectric oxides. Rotation-induced ferroelectricity can also be manipulated with 
epitaxial strain to achieve simultaneously large piezoelectric responses. Based on predictions in 
specific stannate and aluminate material systems, experimental synthesis is ongoing in the 
Schlom and Engel-Herbert groups, respectively.

Thermotropic Phase transitions (in review) 34 : High performance piezoelectrics are lead-based 
solid-solutions that exhibit a morphotropic phase boundary, an intermediate compositional region 
separating two distinct phases, where a new bridging phase with enhanced properties arises. We 
have recently shown that simple perovskite ferroelectrics such as BaTiO3 and KNbO3 exhibit 
analogous “thermotropic” phase boundaries in wide temperature 
regions around thermal phase transitions. In these regions, new low-
symmetry bridging phases arise (Figure 4), that exhibit up to 400% 
enhancement in nonlinear optical and piezoelectric properties. These 
bulk phases are stabilized by long-range internal elastic and electric 
fields arising from a network of competing ferroelectric domains. 
Thus, controlling the domain microstructure near these thermotropic 
phase boundaries provides an alternate pathway for stabilizing 
phases with superior properties in lead-free ferroelectrics.

Hybrid Improper Multiferroicity: Fennie and Benedek have 
predicted68 the naturally occurring Ca3Mn2O7, a Ruddlesden-Popper 
layered phase, to possess hybrid improper multiferroicity.  They 
showed that the transition from paraelectric to the ferroelectric state 
is 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 

Figure 1.4: Optical SHG 
image showing new 
monoclinic phases (bright 
regions) in room temperature 
tetragonal BaTiO3 single 
crystals.
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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.  We have 
experimentally demonstrated the prediction of such an improper mode, and the results are now in 
preparation for submission to a journal.
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Goals and Highlights: The control of energy and information at the micro/nanoscale is a grand 
challenge whose mastery could enable technologies that rival those of living systems. 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 gradients, with autonomous motile objects or fluidic pumps responding to and modifying 
this information. Previous work by the IRG team has pioneered directed motion at this scale. The 
Galilean inverse, pumping, was also demonstrated using surface-anchored motors. We now find 
that with very little “information” input (in the form of chemical or acoustic gradients), these 
objects display emergent behavior that was thought to lie solely in the realm of biology. For 
example, the catalytic motors move directionally in response to a substrate concentration 
gradient: a demonstration of chemotaxis outside living systems. The ability of catalytic motors 
and pumps to couple sensing with directed motion opens up the possibility of designing 
“intelligent”, catalytically-powered, autonomous nano- and microsystems, which are expected to 
find applications in bottom-‐up assembly of dynamic structures, roving sensors, cargo delivery at 
specific locations, and related functions. 

Summary of Accomplishments:

Chemically-Powered Motors: The IRG team has initiated an examination of catalyzed motion at 
the molecular level. We have discovered that single-enzyme molecules can generate sufficient 
mechanical force through substrate turnover to cause their own movement and, more 
significantly, the movement becomes directional through the imposition of a gradient in substrate 
concentration, evidence for a form of chemotaxis at the molecular level. Further, this results in 
chemically interconnected enzymes being drawn together; a primitive form of predator-prey 
behavior. The findings allow the design of “intelligent,” enzyme-powered, autonomous nano- 
and micromotors.	  Going further down to sub-nanometer scale, we find that the diffusive 
movement of a ruthenium-based Grubbs’ organometallic catalyst increases during ring-closing 
metathesis as a function of the substrate concentration. This is one of the smallest single 
molecule motors to exhibit catalytically-driven motion.
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Because of their great diversity and efficiency, the use of enzymes or synthetic organometallic 
catalysts as chemomechanical transducers would vastly expand the available methods for 
powering nano- and micromotors. Likewise, the attachment of these catalyst molecules to a 
microparticle surface also results in increased diffusivity of the particle in the presence of the 
catalyst substrate. Force generation through catalytic turnover appears to be a general 
phenomenon and deserves a detailed investigation.  One of our future plans involves the 
measurement the force generation from single catalytic turnovers using optical traps.

We have also completed a study focused on creating microscale pumps using polymers that 
depolymerize in response to specific chemical signals. The polymers were cast as microscale 
films which were immersed in an aqueous solution that contained an analyte that reacts with the 
polymers in the film to cause head-to-tail depolymerization. The resulting gradient of monomers 
above the film induce osmophoretic movement of the aqueous fluid, directing the fluid 
ultimately away from the film to create an exclusion zone 
surrounding the polymer film. This pumping is amplified 
(one reaction with the analyte produces many monomers 
from the depolymerization reaction), self-powered, and 
analyte-specific, and thus presents an opportunity to begin 
developing entirely new types of autonomous microscale 
devices that require pumping of fluids.

The IRG team has also created a new type of microscale 
pump that is capable of responding continuously to an 
applied signal, even after that signal has been taken away. 
in other words, the pump is capable of responding 
sustainably to fleeting signals. This pump is composed of 
polymer beads that contain detection units as well as units 
that undergo self-perpetuating reactions once the signal is 
detected. These self-perpetuating reactions generate 
gradients of small molecules that are emitted from the 
polymer bead to enable continuous osmophoretic pumping 
of the surrounding fluid. This type of pump is substantially 
more sensitive than our original depolymerization-based 
pumps, and thus offers an opportunity to create sensitive, 
self-powered microscale devices. Our future efforts will focus on improving the performance of 
both the self-perpetuating and depolymerization-based microscale pumps, as well as on 
employing them in the context of specific applications.

We have worked on numerical modeling of nanorod catalytic motors with the goal of 
understanding the factors that control their speed and chemical-to-mechanical energy conversion 
efficiency.  Finite difference modeling is a powerful tool because it allows us to examine the 
effects of scale and motor shape over a broad range of parameters and then experimentally test 
our findings. The overall motor efficiency is in the range 10-9 as estimated previously for Au-Pt 
nanorods.  The largest single component of the loss is self-electrophroretic energy transduction, 
i.e., the conversion of the weak self-generated electric field to mechanical work.  For micron-
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Figure 2.1: Design of self-powered 
micron-scale pumps that are based on 
analyte-induced depolymerization of	  
individual polymers within a polymer 
film.



scale bimetallic rod motors, the efficiency of 
this process is on the order of 10-4.  
Interestingly numerical calculations show that 
this process should become more efficient 
below 1 µm, but on that scale the smaller 
electric field generated by the electrochemical 
reaction leads to additional loss and makes the 
overall efficiency about the same.  We are 
currently testing the effect of motor shape in 
the micron and sub-micron regime 
experimentally.  By switching to Au-Ru and 
from micro-rods to micro-cylinders, we can 
increase the speed by a factor of two and the 
motor efficiency by an order of magnitude 
relative to Au-Pt, as predicted by numerical 
modeling.

We have found that interactions between a colloidal motor and a nearby wall produce a 
“localized electro-osmotic” (LEO) flow field that can significantly alter the motor speed near the 
wall. Since large motor particles typically settle closer to the wall than small motors, LEO 
provides an explanation for the size dependence of motor speed, which previous modeling for 
reaction-limited motors in the bulk did not show. Furthermore, LEO provides a new method to 

create flow fields in capillaries and microchannels. Using electrokinetic modeling, we have 
solved for the electric field and velocity field of a colloidal motor near to a wall, finding that 
LEO flow fields near the wall impact particle speed significantly, much more so than particles 
near a wall in an applied electric field.

Figure 2.3:  Localized electroosmosis, or auto-electroosmosis of a motor near a wall.  Left) 
Dimensionless flow velocity at different distances away from the wall. For the uniform electro-
osmotic flow caused by an applied electric field, v/v∞ remains relatively the same as 1. For the flow 
induced by a self-generated electric field, v/v∞ keeps increasing with λ from 0 in the bulk. The flow 

velocity in the bulk solution is defined as , with  being the self-

generated electric field in the bulk solution.
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Figure 2.2:  Four stages of energy loss for catalytic 
micromotors powered by electrochemical 
decomposition of H2O2.



Neither a purely deterministic rotary 
nanomotor nor a pure orientational 
diffuser exhibits long-term translational 
motion, but coupling rotation to 
orientational diffusion yields 
translational diffusion. Through 
analytical studies coupled to 
computational simulation, we have 
demonstrated that this effective 
translational diffusion can easily 
dominate the ordinary thermal 
translational diffusion for 
experimentally relevant nanomotors. 
Surprisingly, this effective diffusion is 
chiral: after one period of its orbit, the 
particle is not equally likely to have 
wandered left as right. In a chiral 
environment, this chiral diffusion can be 
exploited to drive long-term drift of the 
nanomotors, leading to our prediction of a 
form of  chiral chromatography. What are the  physical consequences of this chiral diffusion? 
Chirality of motion can have particularly dramatic impact in the presence of a chiral 
environment. For example, consider a population of rotary nanomotors within a chiral periodic 
potential, moving according to overdamped (i.e. low Reynolds number) dynamics. Such a 
potential can be created by e.g. a patterned substrate or an optical lattice. Our simulations 
demonstrate that this scenario generically produces a long-term chirality-dependent drift 
velocity. This chiral drift could be used, for example, to selectively transport cargo in desired 
directions or to separate motors based on chirality and thus purify a heterogeneous population. 
Diffusion is critical for this effect, and in some parameter regimes the chiral effective diffusion 
described here produces much stronger drift than does the more familiar achiral translational 
diffusion. We are currently planning experimental implementations of this concept.

Acoustically-Powered Motors:  We have continued to work on the acoustically powered micron-
sized rod motors discovered last year in collaboration with a group from ESPCI (Paris Tech). 
These motors are driven by acoustic power on the order of 100 mW/cm2 and dissipate 
mechanical power in the range of 10-16 W. By adding thin Ni stripes at the midpoint of Au and 
Au-Ru rods we are able to steer the motors. Acoustically-driven motors are compatible with bio-
friendly fluids, such as phosphate buffer saline. We used these media to drive them into live 
HeLa cells, and to study their acoustically-powered motion inside the cells.  The latter work, 
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Figure 2.4: Tracks over 10000 nominal periods for 
orientational diffusers (red for clockwise, blue for counter-
clockwise) moving in a chiral external potential, showing 
the strong drift of the chiral diffusers. Tracks for purely-
translational diffusers with the same effective diffusion 
coefficient are shown in lighter colors.



along with imaging of the vortices around the motors by high frame rate video microscopy in 
order to understand the mechanism of vortex formation, has been done in collaboration with 
Lamar Mair (NIST).  The IRG team is continuing to work with both the ESPCI and NIST groups 
on understanding the mechanism of acoustic motor propulsion.  A key challenge to explore is the 
design of acoustic energy sources that provide more precise control and longer distance 
projection of acoustic energy from the transducer.  This is especially important for studies that 
involve propulsion of acoustic motors in cells and samples that mimic living tumors, vasculature, 
and tissue.

We have also demonstrated propulsion at a larger scale (100’s of microns) in an external acoustic 
field. These swimmers, which contain conical shaped indents to trapped bubbles, are fabricated 
from poly-ethylene glycol solution through UV-polymerization method. In an external acoustic 
field of frequency 40-100 kHz, the bubble oscillates, which transfers momentum, thus inducing 
motion. We achieved translation and rotational motion based on the swimmers’ design. When the 

Figure 2.5: (a) Schematic of the experimental setup. A piezo transducer was attached next to a thin water 
chamber, containing the PEG swimmers.  The transducer generates acoustic waves of frequency f = 
40-100 kHz.  (b) When the bubble trapped in a swimmer oscillates,  a secondary acoustic wave 
propagates from the oscillating bubble. Therefore, Langevin pressure is generated, and push the 
swimmer to accelerate until it gets balanced by the drag force. (c) Image sequence taken by high-speed 
recording at 360,000 fps demonstrating the oscillation of bubble, fitted to a sine (solid line). (d). Image 
sequence of linear motion (moving left to right) of a PEG swimmer with a bubble trapped at the centre. 
(e) Clockwise  and (f) anticlockwise rotation of a PEG swimmer with a bubble trapped off-centered in 
water mixed with beads. 
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indent is aligned with the radial axis of the swimmer, linear motion is achieved. The figure shows 
the image sequence of one of our swimmers (~150 µm) propelling left to right in water. Motion 
with a maximum velocity up to 7000 µm/s was observed, which corresponds to one body length 
in every 0.02 seconds. Furthermore, we achieved efficient propulsion in complex media, such as 
a high viscous shear thinning gel. The excitation frequency changed little when compared to 
identical swimmers in water, but higher amplitude ԑ > 5 µm is required to obtain propulsion. 
Motion with maximum speed of 500 µm/s was obtained. Similarly we fabricated off-centered 
indents to achieve rotational swimmers. The direction of rotation depends on the bubble 
alignment within the swimmer. Integrating different-sized bubble traps within swimmers will 
allow motion with a greater degree of control in 2 and 3 dimensions. Currently we are integrating 
these swimmers with other oscillation-based phenomena to pick up and drop off particles, 
selectively perforate cells to introduce small foreign molecules and performing simple on-chip 
tasks such as mixing and pumping. In addition, we are working on propelling multiple swimmers 
simultaneously and independently, to enable more complex tasks.
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Goal: The theme of this IRG is the study of the physics of superconducting, metallic, magnetic 
and semiconducting nanowires in the 1D limit. We will summarize below the progress we have 
made during the past year on a number of the projects. 

Superconductivity and magnetic fluxon trapping in centimeter long Ga-In nanowire:
Our knowledge of superconductivity in the one dimensional limit is based almost entirely on 
studies carried out on nanowires a few µm long or even shorter. During the last 18 months, the 
IRG team has made transport measurements on nanowires 1 centimeter long. By increasing the 
length more than a thousand fold, we open a new window on this subject. The long length allows 
us to follow more closely the transport behavior in the transition region just prior to the true 
superconducting state, as compared to measurements in micron length wires. Ga and Ga-In 
nanowires up to one meter in length were fabricated by high-pressure infiltration into silica 
capillary with a hollow inner diameter of  150 nm (the capillaries are provided by colleagues at 
the University of Southampton) when the metals are in the liquid phase. The wire, encapsulated 
in the silica fiber, is then broken into segments of ~6 mm for ease of measurements in cryostats.  
Electrical contacts to the 6 mm wire are made by immersing both ends into millimeter size 
droplets of Ga or Ga-In. Quasi-four-lead transport measurements were carried out by contacting 
each of the two droplets with two Au wires. Since the total volume of such a system is dominated 
by the exterior droplets and the In atoms in the liquid 
state can easily diffuse into the fiber, the Ga 
concentration in the wire is likely to be slightly over 
the eutectic composition. The R-T plot shows that the 
wire exhibits a two-step transition from 12 kΩ to 60 Ω 
at 5K and then to the zero resistance superconducting 
state at 1.1K, the Tc of bulk Ga. Magneto-resistance 
measurements below 1K with the field perpendicular 
to the wire show a hysteresis loop reminiscent of a 
magnetic system. When the magnetic field is increased 
to a critical value, Hc, the resistance abruptly jumps 
from zero to 60Ω and stays at this value even when the 
field is reversed back to zero. R jumps back to zero 
only when until it reach -Hc’ (׀Hc’׀> ׀Hc׀). R reverts 
back to 60Ω when the field reaches ‒Hc. The 60Ω 
resistance jump is undoubtedly the consequence of flux 
trapping in the wire that drives a fraction of the wire 

D	  =	  
150	  nm	  
L	  =	  6	  
mm

Au

Figure 3.1: Resistance versus 
temperature for the ultra-long Ga/In 
wire, showing the double transition.



‘normal’. The unusual H vs. T 
‘phase diagram’, was obtained by 
first cooling the sample from the 
normal phase (with T> 5K) down 
to 0.5K under zero field condition 
before warming the wire from the 
superconducting to the 60 Ω state 
with a specific magnetic field. 
These observations are consistent 
with a model that fluxons are 
trapped in droplets of pure Ga with 
length that is on the order of the 
diameter of the wire. These droplets are spatially separated and enclosed by long sections of Ga-
In alloy with Tc of 5K. The diameter of the wire and measured Hc strongly suggests that the Ga 
droplets are in fact trapping fluxons of a single quantum, i.e. Ф= h/2e. This model requires that 
there are multiple Ga droplets of identical dimensions. This is possible because the physical 
dimension of the Ga droplets, formed upon freezing from the liquid state near 250K, is 
determined by the balance of the interfacial energies among Ga, Ga-In alloy and the silica 
encapsulating the wire. X-ray fluorescence measurements of the Ga and In peaks with 25 nm 
spatial resolution will be carried out at the Advanced Photon Source at the Argonne National 
Laboratory to confirm the existence and physical dimension of these droplets. 
On the theoretical front, we are working to model the trapping of single quantum fluxons that is 
consistent with all the experimental results we have obtained with multiple 150 nm Ga and Ga-In 
nanowires. We are also in the process of fabricating Ga and Ga-In nanowires of smaller 
diameters. The critical magnetic field for the trapping of single quantum fluxons should scale 
inversely with the diameter of the wire. This will be another important confirmation of the model. 
We should also note that the superconducting correlation length ξ of Ga is 100 nm. A systematic 
study of pure Ga wires with diameters bracketing ξ will reveal new insight on quasi-1D 
superconductivity not easily available from micron length wires. 
It will be interesting to find out if Ga and Ga-In alloy wet PMMA or some other substrates that 
are amenable for e-beam writing. If so, it will be interesting to etch channels (with width on the 
order of 100 nm) on the substrate to form square (or triangular) lattice.  We can then introduce 
Ga-In liquid mixture into the channels to see if the phase separation of pure Ga droplets and 
fluxon trapping are also present in the channel. Since pure Ga droplets are formed due to a 
delicate balance of the interfacial energies in the system, it is not out of the question that the pure 
Ga droplets will be found at the vertices where the channels intersect. If this is the case, we may 
have a system of addressable quantum fluxons. While there are many unknowns, we think it is 
worthwhile to explore this interesting possibility.

Physical Mechanism for the Long Range Proximity Effect in Ferromagnetic Nanowires: Due to 
conflicting spin order, the proximity effect in a ferromagnet in contact with superconductor is 
supposed to be limited to ~1nm. In 2010 we reported an unexpected result in Nature Physics that 
when Co and Ni polycrystalline nanowires are contacted with superconducting W electrodes 
fabricated by focused ion beam (FIB), a long-range proximity effect with spatial extent of 600 nm 
was found. Theoretical studies on these results narrowed down the origin of the long range 
proximity effect in the ferromagnetic wires to (1) weak damping of Josephson singlet super-
current between the two superconducting electrodes and (2) the proximity induced 
superconductivity in the ferromagnetic wire to be triplet in nature. 
Recently the IRG team has replicated the effect on crystalline Co nanowires contacted by four 
normal Pt electrodes and also on an isolated superconducting W strip between the two Pt voltage 
probes. The distance between the two voltage leads is about 5µm. A resistance drop of 30% from 
the normal state value at 1.9K is found. This means the spatial range of the proximity effect in 

Figure 3.2: Hysteresis in the magnetotransport of the ultralong 
Ga/In wire, demonstrating mixed-phase flux trapping.



this configuration remains of the same order, i.e. ~1 µm 
as that seen before with four superconducting W 
electrodes. This experiment shows that the proximity 
effect cannot be caused by weak damping of Josephson 
singlet super-current between two superconducting 
reservoirs and leaves triplet superconductivity as the 
most likely explanation. 
Another key remaining question in this subject is 
whether the phenomenon depends on the W electrodes 
deposited by FIB. FIB-assisted W electrodes were used 
because it is relatively easy to make ohmic electrical 
contacts to the ferromagnetic nanowires since the 
bombardment of  Ga and W ions reliably removes the 
oxide layer on the nanowires. The bombardment of ions 
also introduces defects and disorder to the surface of the 
nanowire. It was pointed out that a spin disordered 
interface between the ferromagnetic film (or wire) and 
the (conventional singlet) superconducting electrode is 
necessary to ‘generate’ triplet superconductivity in the wire. In order to understand the role of the 
FIB-assisted W leads on the long range proximity effect, we have carried out measurements on a 
device consists of a nickel (Ni) nanowire contacted by superconducting aluminum (Al) 
electrodes. Both the nanowire and the electrodes were fabricated by e-beam evaporation. After 
the Ni nanowire (width 28 nm, thickness 35 nm) was evaporated, a protective Au layer of 5 nm 
thick was added to prevent the formation of an oxide layer. Four Al electrodes (width 1 µm and 
thickness 50 nm) were then evaporated onto the Ni wire. The separation between the two Al 
voltage electrodes is 5 µm. A drop in resistance of 25 Ω out of 712Ω is seen. This implies the 
spatial range in the proximity induced superconductivity from each of the of Al electrode to be ~ 
90 nm. This is a factor of ten shorter than that found with the W electrode, but still considerably 
longer than that expected if the superconductivity in the ferromagnetic nanowire is singlet in 
nature. Careful theoretical analysis on the physical origin of the difference in the spatial range 
with W and Al as the superconducting electrodes is in progress. 

Superconductivity and Mesoscopic Transport in Topological Insulators: The properties of surface 
states of topological insulators (TIs) such as Bi2Se3 
continue to attract significant interest. The IRG team 
has carried out two important experiments that 
provide new insights into the behavior of these 
surface states. In the first set of experiments, we 
measured electrical transport in crystalline Bi2Se3 
films (5 and 200 quintuple layers in thickness) 
contacted by three kinds of superconducting 
electrodes: bulk indium, mesoscopic aluminum and 
mesoscopic tungsten. We used a simple two-probe 
configuration to minimize the fabrication processing 
of the electrodes and to reduce the risk of altering the 
intrinsic property of the TI samples. Regardless of 
details such as the separation of electrodes, the 
nature of the substrates, and the contact resistance, 
the low-bias resistance shows a large and abrupt 
increase near the superconducting transition 
temperature (TC) of the electrodes. Interestingly, we 
observed that the Bi2Se3 films significantly reduce 
both the TC and the critical field of the 

Figure 3.4: 3D image of resistance as a 
function of the perpendicular field and 
temperature measured in a 5-QL-thick Bi2Se3 
film contacted by bulk indium electrodes, 
showing a sharp resistance enhancement 
induced by the interaction between 
superconducting electrodes and Bi2Se3 film.

Figure 3.3: Transport response of a Ni 
nanowire with Al leads, fabricated by e-
beam, showing proximity-induced 
superconductivity.



superconducting electrodes. A possible explanation of our observations is that we are accessing 
the special helical spin-momentum locking nature of TI surface states since the spin singlet 
Cooper pairs in the electrodes are not 
compatible with the spin-polarized 
surface states.
 In the second set of experiments, we 
used e-beam lithography to pattern 
crystalline Bi2Se3 thin films into 
mesoscale channels. At low 
temperatures (below 5K), magneto-
resistance measurements of these 
channels showed an unusual periodic 
magneto-fingerprint i.e. repeatable 
conductance fluctuations. Periodic 
Aharonov-Bohm and Altshuler-
Aronov-Spivak oscillations have 
traditionally been observed in patterned 
mesoscopic loops of diffusive 
conductors. However, our studies of 
perpendicular-to-plane 
magnetotransport are performed in 
straight-channel, diffusive devices and 
it is surprising to see signatures of 
Aharonov-Bohm orbits. We find that the 
length scale of these orbits corresponds 
to the typical perimeter of triangular 
terraces found on the surface of these 
thin film devices, strongly suggesting 
that the periodic magneto-fingerprint arises from coherent scattering of electron waves from the 
step-edges. Angle-dependent measurements show that the magneto-fingerprint is indeed two 
dimensional in nature. Our interpretation is bolstered by control measurements in devices without  
such surface morphology which only show a conventional, aperiodic magneto-fingerprint. These 
results show that lithographically patterned Bi2Se3 devices provide a novel class of mesoscopic 
physical systems for systematic studies of coherent surface sensitive transport.
Microthermoelectrical work bench for simultaneous thermal and 
electrical conductivity measurements. We have fabricated and tested 
a microthermoelectrical workbench which can be used for 
simultaneous electrical and thermal conductivity measurement of 
nanowires under a magnetic field from room temperature down to 
30K. The workbench has 100 test sites within a 250×250 (µm)2 area, 
making it relatively easy to find a nanowire for measurements from 
drop casted liquid. The workbench consists of an embedded heater, 
thermocouple (temperature sensor), and a platinum pad on top of a 
diving-board-like freestanding structure. This configuration results in 
a very small thermal mass for the measurement system. We have 
successfully made thermopower measurements on a Bi2Te3 nanotube 
of 70 nm diameter with the workbench. The thermopower at room 
temperature is positive, 250 µV/K, and similar to that of bulk bismuth telluride. Since the wall 
thickness of the nanotube is only 10 nm, or three times the phonon mean free path, the thermal 
conductivity should be smaller than the bulk value. This means the thermoelectric figure of merit 
(ZT) for the nanotube should be significantly enhanced as compared with bulk sample. Thermal 
conductivity measurement of the nanotube is currently in progress.

Figure 3.5: (a) AFM image (5×5 µm2) of Bi2Se3 thin film 
shows terraces with single QL steps. (b) 2D auto-correlation 
plot of the AFM image shows surface correlation with decay 
length of 200 nm. (c) Fourier power spectrum of the magneto-
fingerprint at 700 mK (inset) revealing periodic behavior due 
to Aharonov-Bohm orbits created by scattering from step 
edges. (d) AFM image (5 x 5 µm2) of another Bi2Se3 thin film 
engineered to have an uncorrelated surface morphology, as 
revealed by (e) the 2D autocorrelation plot. (f) Fourier power 
spectrum of the magneto-fingerprint shows conventional 
aperiodic behavior. Submitted to Nanoletters.

Figure 3.6: SEM image of 
workbench with individual 
Bi2Te3 nanotube.
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The IRG has made significant progress in designing and fabricating in-fiber and planar nanos-
tructured devices which are being used to manipulate and channel electromagnetic 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 nanoscale imaging 
devices that exploit electromagnetic 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 electromagnetic 
scattering. New passive and active (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.

High-Power Infrared Optical Fibers: We have developed the materials chemistry necessary to 
fabricate the first zinc selenide optical fibers. These infrared transparent fibers composed of 
crystalline, refractory materials have now been shown to guide light at optical powers nearly 
three orders of magnitude higher than conventional chalcogenide glass fibers. There is great 
technological need for high-power infrared fibers. The crystalline 
nature of the fiber cores enables them to serve as hosts for transition 
metal gain media, which should allow for very efficient, tunable 
infrared fiber lasers operating a powers of many tens of watts or 
more, far higher than is presently possible. Proof-of-concept 
Cr2+:ZnSe lasers based on these fibers have now been demonstrated 
in an Air Force spin-off project.

Structuring inside Optical Fiber Pores: Semiconductor optical 
fibers to date have used silica glass as their cladding, which limits 
the range of wavelengths that can be guided to those for which silica 
is transparent (i.e. the near infrared) and limits desirable 
single-mode guidance to very small core sizes that are difficult to 
couple with standard fibers. An investigation of HPCVD deposition 
chemistry for hydrogenated amorphous silicon (a-Si:H) revealed 
how to tune the hydrogen content of fiber cores made from this material to allow for tuning of 
refractive index and other properties while maintaining good electronic and photonic properties. 
Layers of a-Si:H deposited in sequence allow for large mode area fibers with a slightly lower 
index a-Si:H cladding (Figure 4.1) that have excellent non-linear optical properties, couple well 
with standard optical fibers, and guide light into the mid-infared. 
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Figure 4.1: Experimen-
tally measured mode in-
tensity profile for a hydro-
genated amorphous Si 
core cladding fiber.



The chemistry to fabricate tapered Ge core/ZnSe cladding fibers that allow for subwavelength 
infrared imaging was also developed. These core/cladding structures have the desirable property 
of allowing for lower optical losses than the previous generation of Ge core/silica cladding fibers 
at wavelengths up to 10 µm because there is no silica cladding.

Hollow air-core Bragg mirror fibers fabricated with claddings consisting of alternating layers of 
high and low refractive index semiconductor would allow for guidance of infrared light at 
powers and pulse energies far in excess of that presently 
possible with any infrared fiber. The Kapteyn-Murnane 
group at JILA/Colorado sought out the unique expertise 
of IRG4 to collaborate on developing semiconductor 
Bragg fibers for high harmonic generation of ultrafast 
x-ray pulses, which are useful for materials 
characterization and much more. We have fabricated 
Bragg fibers consisting of two layers of high index 
silicon and two layers of low index silica. The 
deposition chemistry for silicon had to be developed to 
allow for very uniform and precise thickness (±2%) 
layers over lengths of many centimeters. High pressure 
oxidation chemistry for converting the silicon to silica 
was also developed.

This IRG pioneered chemical deposition of junction 
based optical fibers consisting of layers of p-type, 
intrinsic, and n-type silicon (Nature Photonics). Now 
we have further developed HPCVD to make it scalable, such that these junctions can be made up  
to 1m long and individual silicon layers comprising the junction can be made up to 10 m long in 
a single step (Figure 4.2). The scalability of the deposition process to such long lengths together 
with the capability to deposit inside many fibers in parallel at modest deposition temperatures 
suggests the possiblity of woven solar fabrics that are flexible and permeable. This work, 
reported in Advanced Materials, attracted considerable attention in the popular and scientific 
press (Materials Views, Laser Focus World, UPI etc.). It represents an advance towards 
extending high-performance electronic function based on crystalline unary and compound 
semiconductors to dimensions of many meters.

New Deposition Chemistry and Strategies for Oxide Materials: Under HPCVD conditions, some 
precursors, such as (CH3)2Zn and H2O, have a tendency to prereact that can be controlled in 
conventional CVD, where the mean free paths are much longer and the confinement is much 
less.  This tendency towards prereaction has made it diffult to realized oxide material fibers. We 
have thus had to develop precursor encapsulation strategies (Advanced Functional Materials). 
For example, at the high pressures and high temperatures used for HPCVD (but not the pressures 
for conventional CVD), the reverse water shift reaction CO2+H2 = H2O + CO, is 
thermodynamically favored, allowing water to be released only when reaction is desired.  In this 
way, well-developed ZnO fiber cores were deposited. We are now attempting to develop UV 
fiber lasers based on them.
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Figure 4.2: Cross section of silicon pin 
junction (top). 10 m long silicon fibers 
(bottom) were fabricated that can be 
woven into fabrics (middle).



Infiltration and Coating of Complex Structures: HPCVD allows for uniform precursor 
concentrations at every point around a geometrically complex object and even in the deepest 
nanoscale voids, an advantage not available to conventional 
CVD. The high pressures employed shift reaction kinetics to 
allow for deposition at low temperatures. Delicate and 
complex biological templates with nanoscale features, such as 
beetle, can be uniformally coated and their interior completely  
infiltrated with silicon to replicate them, (Figure 4.3). The 
beetle can then be oxidized to leave the silicon. In this way 
features of the biological template difficult to image via 
electron microscopy may now be possible to image in the 3D 
silicon replica. Periodic silicon structures with periodicities 
less than 10 nm have also been realized by HPCVD 
infiltration; these periodicites are small enough to give rise to 
new electronic band structures that may enable design of 
electronic and photonic properties. Mahan has developed the 
theory of such semiconductor metallatices in the 2D case. 
Certain configurations give rise to interesting properties, such 
as a Fermi surface with a Dirac cone.

Future Directions: The IRG team will continue theory and 
modeling efforts to understand HPCVD with a view towards 
exploiting its unique capabilities. We will continue to develop 
new HPCVD chemistry for new classes of materials such as 
oxides; deposition of silica layers of precise thickness would 
be desirable for high power Bragg fibers for HHG. 
Semiconductor junction fibers will be refined to improve their 
photovoltaic efficiency. The fundamental limits of the ability 
of HPCVD to conformally coat structures, and infilitrate precisely structured nanoscale templates 
will be further explored and extended. Mahan will investigate the theory of 3D semiconductor 
metalatices.

Optical Metamaterials: This year the IRG made significant advances in optical metamaterials 
in terms of bandwidth, field-of-view, polarization control, and minimizing or exploiting loss. As 
a part of this effort we have successfully designed, fabricated, and tested optical electromagnetic 
bandgap metamaterial coatings with near-perfect absorption over greater than an octave of 
bandwidth. The predicted and measured absorption for the metamaterial in Figure 4.4 is greater 
than 90% over the range from 2 to 5 µm with a wide FOV of up to ±45º from normal incidence. 
The structure is composed of a patterned Pd screen sandwiched between two polyimide layers 
and backed by a Pd ground. This structure is resonant at several wavelengths across the absorp-
tion band, with large induced currents on the lossy Pd screen resulting in high absorption. The 
use of a genetic algorithm with fabrication constraints allowed us to realize designs with com-
plex screen geometries that were amenable to fabrication. 
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Figure 4.3: A beetle replicated in 
Si. Optical image of uninfiltrated 
beetle wing (top; green color 
arises from photonic bandgap), 
which can be been replicated in 
Si by HPCVD (bottom). Electron 
microscopy reveals that the Si 
infiltrates into the interior nanos-
tructure of the beetle.



In addition to exploiting loss in broadband metamaterial absorbers, we also investigated metasur-
face mirrors with novel polarization control. The ability to control the polarization of light over a 
broad band and a wide field of view is critical to a number of optical systems for optical signal 

processing and optical sensing. We have proposed using ultrathin anisotropic metasurfaces, com-
posed of nanorod arrays, to realize broadband and broad-angle polarization control and conver-
sion. In order to show the versatility of this approach, two examples were demonstrated (see Fig-
ure 4.4), the first of which is capable of maintaining the handedness of circularly or elliptically 
polarized reflected light, which cannot be achieved using a conventional mirror. The second ex-
ample was designed to achieve circularly polarized reflected light when illuminated by linearly 
polarized incident light. Additionally, a semi-analytical model was developed for fast evaluation 
of the performance of these metallodielectric nanostructures over a wide field-of-view. 

Quasicrystalline Nano-sphere Arrays: This year we investigated the scattering properties of Au 
nano-sphere arrays based on quasicrystalline aperiodic geometries. The lack of translational 
symmetry presents a significant computational challenge in evaluating the electromagnetic prop-
erties of aperiodic formations. We derived new analytical expressions for the reflection and 
transmission coefficients for aperiodic spherical arrays using the generalized Mie theory (GMT) 
with an incident field of finite beamwidth. Subsequently, generalized scattering coefficients were 
defined in terms of far-field energy fluxes. 
Figure 4.4 shows the simulated and measured 
transmittance values for a quasicrystalline ar-
ray of Au nanospheres based on an Ammann-
Beenker tiling.  

Transformation Optics: Integrated photonics 
is expected to play an increasingly important 
role in optical communications, imaging, 
computing, and sensing with the promise for 
significant reduction in the cost and weight of 
these systems. Future advancement of this 
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Figure 4.4:  (a) Broadband EBG absorber showing measured absorption over 90% covering 2  to 5 µm. 
(inset) SEM images of the fabricated metasurface.  (b) SEM images of the fabricated metasurface mir-
rors that (left) maintain the handedness of a reflected wave and (right) convert a linearly polarized wave 
to a circularly polarized wave. (c) Simulated and measured transmission from an Amman-Beenker 
aperiodic array of Au nanoparticles. (inset) FESEM image of fabricated array.

Figure 4.5: Schematic illustrating several TO de-
vices integrated onto a single photonic chip. 



technology is critically dependent on an ability to develop compact and reliable optical compo-
nents and to facilitate their integration on a common substrate. With the help of the emerging 
transformation optics (TO) technique, we have designed functional components composed of 
planar gradient index materials that may be readily integrated into photonic circuits (Figure 4.5). 
The unprecedented design flexibility of TO allows for the creation of a number of novel devices, 
such as a light source collimator and waveguide adapters, which have broad applications in inte-
grated photonic chips and are compatible with current fabrication technologies. We have vali-
dated these components using a full-wave FDTD method to demonstrate superior optical per-
formance and efficient integration with other components in an on-chip photonic system. These 
components only require spatially-varying dielectric materials with no magnetic properties, fa-
cilitating low-loss, broad-band operation in an integrated photonic environment. This work was 
reported in Light: Science and Applications, and was highlighted in the popular and scientific 
press (e.g., Science Daily, photonics.com, Newswise, etc.). Several fabrication techniques for the 
gradient index profiles required by these devices are being developed by IRG4.

Deterministic Assembly: To explore techniques for construct-
ing complex nanoscale building blocks that are not accessi-
ble using conventional top-down fabrication methods, we 
have investigated nanoparticle chain formation using 
electric-field-assisted deterministic assembly. We have also 
constructured a high-magnification microscope for observing 
the real time response of the nanoparticle assembly process, 
and for future in situ optical characterization studies. The 
non-uniform electric field generated by the predefined interdigital electrode attracts nanoparticles 
toward the gap and aligns them along the electric field across the gap, forming a straight chain 
due to the dielectrophoresis force, as shown in Figure 4.6. The short-range static electric force 
repels the next chain, creating a certain distance between each chain. The magnitude of the force 
on the nanoparticle and the conditions for DEP dominance over hydrodynamic forces varies with 

the particle type and geometry.  By adjusting the electric field 
frequency and amplitude the inter-particle distance can be modi-
fied so that they are loosely or tightly assembled. Potential appli-
cations for this technique include tunable nanoparticle distance as 
well as linking the particles with a polymer or mixed particle as-
sembly by subsequently injecting different types of nanoparticles. 
The IRG is considering expanding this arm of promising research 
going into the renewal.

Plasmonic nanoparticles: In conjunction with the development of 
nanoparticle assembly techniques, we have been exploring 
nanoparticle-based optical devices, such as a dual-mode nanodi-
pole using a plasmonic core-shell particle, as shown in Figure 
4.7. Specifically, a core-shell particle that exhibits an equivalent 
Lorentz type permittivity was used to achieve either a capacitive 
or an inductive impedance response. When such a particle is in-
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Figure 4.7: (top) Nanodipole 
loaded with a core-shell parti-
cle. (bottom) Extinction cross 
section of the loaded nanodi-
pole.

Figure 4.6: Aligned 1um Ag coated 
Silica particles. Image taken using a 
100x oil immersion objective lens.



serted within the gap defined by the nanodipole arms, the current conduction across the gap can 
be controlled depending on whether the core-shell particle exhibits either a capacitive or an in-
ductive response. 

Future Directions: The IRG team will continue to study hybrid optical metamaterial fabrication 
techniques, integrating bottom-up approaches such as deterministic assembly and Au enhanced 
oxidation with conventional top-down methods. We will also develop characterization ap-
proaches for measuring nanoparticle optical response and explore the new fabrication strategies 
such as defect assisted deterministic assembly. We will also continue to develop more rigorous 
results for aperiodic, quasicrystalline geometries based on the ‘cut-and-project’ method, which 
models quasicrystals as lower-dimensional projections of periodic lattices in a higher-
dimensional superspace.
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Seed Program:  In the past year a new Seed project was initiated after 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. These defects can be studied 
directly on the surface, unlike the embedded defects in traditional 3D materials. 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.

Seed students and co-PIs meet biweekly to discuss results and new experiments. Within less than a year 
the team has been able to synthesize monolayer WS2 triangular platelets and films with strong 
photoluminescence at room temperature (Fig. 1), and using HRTEM, defects such as octagon-squares 
have been identified (Fig. 2). Furthermore, the team has performed first-principles calculations in 
layered systems such as N-doped graphene, and WS2 triangular platelets. The calculations have explored 

the possibility of fine-tuning the electronic and 
magnetic properties of nanoribbons or 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. 

Seeds

Figure S.1: Extraordinary PL of monolayer WS2 islands. 

Figure S.2: HRTEM image of defective monolayer WS2



6.  Education and Human Resources  
The Center for Nanoscale Science has been a leader in STEM outreach and education efforts at 
Penn State since its inception. Since then, the MRSEC has developed a strong history of successful 
collaborations,  a positive reputation, and a culture that generates enthusiastic volunteers for many 
activities.  The Center’s interdisciplinary structure and research achievements are an important 
value-added component to the scope and impact of its outreach and education efforts.  Without the 
existence of the MRSEC at Penn State, many programs wouldn’t occur at all, or would be greatly 
diminished in scale. Many initiatives are led by the Center itself, while others are led by partners 
with direct MRSEC involvement and participation. 
Center Participation: Center faculty, students, postdoctoral scholars, researchers, and staff are 
expected to contribute at least 12 hours per year to outreach.  In 2012, records indicate that 76% of 
current Center members actively engaged in outreach and educational programs that are directly 
connected to the MRSEC. Many former members and affiliated researchers volunteer frequently. 
Outreach experiences are seen as an integral part of developing well-rounded research professionals 
and a cohesive research community. Several recent graduates shared that current employers viewed 
their outreach experiences as notable and highly favorable elements on their resumes. 
Strategy: MRSEC’s outreach and educational strategy strives to reach and influence audiences at 
multiple points along the career-path and pipeline, and also positively impact Center members and 
volunteers. Content is designed to connect multiple STEM fields, while emphasizing ties to 
materials and nanoscale science. Ways to reach and engage underrepresented and underserved 
participants are considered and implemented. MRSEC-led programs are intentionally structured to 
encourage interactive communication between presenters, volunteers, and mentors with audience 
groups and individual participants. Mentorship, professional development, and learning occur in 
many ways. 
 
* Programs that are uniquely led, organized, or hosted by the Penn State MRSEC are marked with an asterisk.  
 
Museum Show Partnership with the Franklin Institute* 
The Franklin Institute (a science museum in Philadelphia) and the MRSEC have been engaged in a 
longtime partnership that has resulted in the creation of four cart-based demonstration kits: 
Materials Matter (2003); Nano-Bio: Zoom in on Life! (2005); Small Wonders (2008); and Hidden 
Power (2011). Kit #5 is currently under development with distribution set to occur in October 2013.  
The development of these kits is unique to the MRSEC at Penn State, and wouldn’t exist without 
the Center. 

During 2012, the fourth museum show kit, Hidden Power, 
was put into use by 16 partner museums, as well as the 
MRSEC itself at many of the events described in this Section.  
Hidden Power features 8 demonstration activities that focus 
on the conversion of energy.  Survey data from participating 
institutions indicate that kit elements were seen by more than 

250,000 visitors nationwide.  Recipients were small, medium, and large museums in a variety of 
geographical and socio-economic areas. In addition to traditional presentations on the museum 
floor, many museums liked the portability of the kits and reported using them in educational 
programs including school outreach, camps, and cable access TV programs. 



Volunteers explain chromatography while 

helping visitors separate black ink to create 
colorful coffee filter flowers. 

Penn State students explore concepts of 

energy, electricity, and efficiency. 

The 5th museum kit, featuring hand-held electronic devices such as smart phones, was initiated in 
January 2012.  This kit will describe the fundamental concepts that allow these devices to function.  
All demonstrations are designed to be hands-on, interactive, visual, and tactile. MRSEC members 
provided the initial inspiration and ideas, feedback during the development process, and ongoing 
technical oversight. In addition, several MRSEC graduate students created prototype devices for the 
Franklin Institute to test with visitors.  The Franklin Institute is starting the fabrication process and 
Center members are drafting Fact Sheets to accompany each demonstration.  

 
Public Outreach Events 
 
During 2012, MRSEC continued its traditional involvement in multiple public outreach events.   

Exploration Day: In early April, Center members presented the Hidden Power demonstrations in 
this annual one-day Saturday science event that exposes many young families and community 
members to local STEM groups and programs.  Fantastic spring weather and reduced funding 
caused a change in venue which resulted in a smaller turnout than in previous years. More than 600 
children and adults attended the event. 

Earth Day: On April 20th, the MRSEC celebrated Earth Day by 
bringing the energy saving and sustainability messages contained in 
Hidden Power to Penn State’s on-campus expo.  ~800 people of 
college-age and above attended. As a result, Center volunteers 
realized the appeal that these demonstrations have to all ages.  One 
participant, an elementary school intern, later borrowed the kit for 
her 5th grade classroom. 

The USA Science & Engineering Festival: From April 27-29th, 
MRSEC traveled to Washington, DC to participate in this multiple 

day event at the Convention Center which attracted an estimated 150,000 visitors.  Joining several 
other Penn State groups, MRSEC volunteers hosted a booth and presented Hidden Power to ~1400 
visitors.  

Science Activities at the Central Pennsylvania Festival of the Arts – Children &Youth Day *:  
This annual community event in mid-July starts with one day just for kids. Organizing and 
presenting science activities has been a longstanding MRSEC tradition. In recent years, these 
activities have expanded in both number and impact.  A total of 14 booths were coordinated by the 
Center, 10 of which were directly staffed by MRSEC-affiliated 
graduate students, faculty, and staff (30 volunteers) who worked in 
teams with 31 REU students and a diverse group of 70 Upward 
Bound Math and Science (UBMS) high school students. The 2012 
activities focused on a “Fun in the Sun” theme and included 
information about UV light, the nano-explanation behind clear 
sunscreens, solar cell technology, color and light, and how to really 
“cool off” with liquid nitrogen ice cream. The event is attended by 
~8000 kids and adults from the local region. More than 1200 were 
counted as participating in the science activities.  
Even deeper impact, however, was observed behind the table. 



On a sunny Saturday, football fans at 

TailGreat learn about solar cell technology. 

Teachers wonder about the nanostructures 

that cause the Blue Morpho’s brilliant color. 

While a typical child remains in front of the table for a matter of minutes, the ongoing engagement 
by volunteers takes place for several hours.  For the first time, all teams prepared together prior to 
the event. They helped each other understand the underlying science content of each demonstration, 
prepared their scripts, organized tasks, and practiced via role playing.  Prior to the training meeting, 
MRSEC and REU volunteers also participated in a short diversity training session regarding the 
unique background, qualities, and challenges encountered by UBMS students.  This effort assisted 
in preparing volunteers for their leadership and mentoring roles.  

Science at Penn State “TailGreat” Event *: For the second time, 
Center volunteers engaged over 100 children and their families with 
interactive science activities before a Penn State home football 
game in September.  Due to the success of this event the previous 
year, Science-U and the Physics & Astronomy for Women (PAW) 
asked to partner with the MRSEC and coordinate efforts.  As a 
result, an even broader selection of activities was presented, along 
with a “science passport” to track progress through the activities 
and, if completed, submit as an entry to win a prize.  

NanoDays™ at Penn State *: As a recipient of the 2012 NanoDays kit from NISE Net (the 
Nanoscale Informal Science Education Network), the MRSEC hosted three events during March 24 
– April 1, 2012.  All events were organized, led, and presented by the MRSEC, but additional 
collaborators included the Discovery Space of Central PA, the Eberly College of Science Outreach 
Office, the Materials Research Institute (MRI), and the Center for Nanotechnology Education and 
Utilization (CNEU).   

Nanotechnology Workshop for Teachers: 12 local K-12 educators 
(8 middle schools, 4 high schools; 6 males, 6 females) learned 
about nanoscale science and technology via a one-day workshop.  
Activities included three faculty presentations on current nano-
topics, a tour of Penn State’s new state-of-the-art materials 
fabrication and characterization facilities, 8 NISE Net activities 
(and information about accessing NISE Net resources), and 
information about future career opportunities in nano-related fields.   
Science Café: Guest speaker, Dr. Tom Mallouk, associate director 

of the Center for Nanoscale Science, hosted an interactive, informative, and entertaining discussion 
about “The Past, Present, & Future of Nanotechnology” in a local bar/restaurant near the Penn State 
campus. MRSEC graduate students presented demonstrations before and 
after the discussion. The event was attended by 45 people (graduate 
students, faculty, community members, and industry professionals). 
Discover Nano! Workshops for Kids: MRSEC graduate students presented two one-hour programs 
using a majority of the 2012 NanoDays Kit activities.  Additional activities were placed on the 
museum floor and used by visitors throughout the following week. A total of 18 people attended the 
workshops (7 boys, 2 girls, 3 men, and 7 women). 
In December, the Penn State MRSEC was again notified of its successful proposal for NanoDays 
2013, with plans to repeat the same three events in early April 2013.  



Science Leadership campers examine a 

microfluidic device that they created. 

Local AAUW Chapter - STEM Committee: MRSEC leadership on the STEM Committee of the 
local AAUW (American Association of University Women) State College Branch has helped the 
Chapter to build a working committee (~10 women now serve), reinvigorate existing programs, and 
launch several new STEM initiatives.  

 The chapter now supports a third afterschool science program for middle school girls in a 
local rural district, in addition to two existing programs.  

 A “Women in STEM” program was held for the first time as part of the monthly series.   
 The summer math literacy program for early elementary aged children, called Magical 

Adventures for Talented Heroines and Heroes (MATHH) was expanded to include related 
science activities at the nearby Discovery Space of Central PA. 

 New scholarships to Science-U camps were established to seek and provide deserving 
middle school girls with the opportunity to attend these enriching summer experiences.  

 A new mini-grant program was initiated to designate funds for financial support of local 
STEM outreach efforts conducted by community, school, or student organizations that 
support girls and women within the local region.  

The involvement by MRSEC outreach staff in AAUW’s STEM efforts provided the essential 
web of connections needed to coordinate and establish these multiple developments and 
expanded partnerships.   

 
K-12 Programs 

Center outreach and education efforts that target K-12 audiences involve MRSEC partnerships with 
existing K-12 specific programs, as well as relationships with teachers, parents, school 
administrators, and local service organizations.   

After School Science with the Center County Youth Service Bureau *: In partnership with Penn 
State’s Materials Characterization Lab, the MRSEC assisted in delivering interactive after school 
programs with hands-on activities to elementary and middle school at-risk youth from the local 
Centre County region.  Approximately 15 youth attended each program, along with their mentors or 
case managers.  Four monthly programs were held in spring 2012.  The Center will repeat the 
program in spring 2013.  

Park Forest Middle School STEM Fair: In March 2012, MRSEC volunteers hosted a booth, 
presented several science demonstrations, and talked to students at an annual local school event that 
engages and exposes 6-8th grad students to current science topics of 
interest, local opportunities, and future careers in STEM fields. 
(~980 students enrolled)  

Science-U Science Leadership Camp: The Center contributed in 
multiple ways to the Science Leadership Camp: Elements of 
Innovation, a weeklong residential experience attended by a diverse 
group of 23 high school aged youth recruited from outside the local 
community.  MRSEC sponsored 7 full scholarships* and assisted 
with the recruitment and selection of applicants from underserved 



Posing as a zombie bride, Francelys Medina 

amazes kids and parents with eerie properties of 

materials during the Haunted Lab Tour. 

and underrepresented groups.   
Direct MRSEC participation in camp activities is an important component of the leadership 
experience. Center faculty and graduate students hosted three groups of high school campers for a 
half-day, hands-on, lab-based science project in which they were given a snapshot of a particular 
research area or problem.  One group of campers fabricated a PDMS microfluidic device, another 
learned basic mathematical modeling techniques used to understand topological insulators, and a 
third group was exposed to the assembly and properties of colloidal particles.  MRSEC faculty and 
graduate students also participated in the annual “scientist mixer” event, which has become a camp 
highlight and confirmed favorite.   

Summer Experience in the Eberly College of Science (SEECoS):  Four MRSEC faculty members 
(3 current, and 1 former) each hosted and mentored a group of diverse high school students from the 
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.   

Higher Achievement: In August, MRSEC continued its support of this annual program by hosting 
two sessions of materials science related activities to ~80 5th-8th grade boys and girls (the majority 
of whom are potentially first-generation college-bound students).  

Haunted-U: In October, MRSEC offered a spooky science 
experience during Science-U’s extremely popular annual 
Halloween themed science program for 80 kids in upper 
elementary and middle school grades.  The theme this year 
focused on “zombies”, and concluded with a haunted lab tour. 

Ferguson Elementary Science Fair: A MRSEC graduate 
student, research associate, and staff member coordinated with 
staff and volunteers from the Discovery Space of Central PA children’s museum to bring hands-on 
activities to a local elementary school.  The science fair was attended by more than 50 students, plus 
their siblings and parents.  Volunteers judged student projects and presented Hidden Power 
demonstrations. 

Expanding Your Horizons (EYH): MRSEC facilitated a panel discussion that engaged 84 middle 
school aged girls and their parents, along with more than 30 graduate and undergraduate mentors.  
The event also included a career and science demonstration expo, and three interactive workshops. 

 

Undergraduate Research  

Research Experiences for Undergraduates (REU): In partnership with the Department of Physics, 
the Center was designated a REU site by the National Science Foundation Division of Materials 
Research (DMR 1062691). Undergraduate students majoring in physics, chemistry, materials 
science, and all branches of engineering who have an interest in materials research were encouraged 
to apply. This program provides undergraduates with the opportunity to participate in frontier 
materials and physics research with broad exposure to unique interdisciplinary projects and cutting-
edge facilities.  



Required attendance at weekly Seminars ensured that students were informed about a broad scope 
of interdisciplinary research, career opportunities and educational strategies, and ethics issues. 
Additionally, valuable professional development experiences occurred via outreach participation in 
the Central Pennsylvania Festival of the Arts Children and Youth Day (described above), an 
educational trip to the Franklin Institute science museum (through which students learned about the 
design and development of museum exhibits, and the importance of informal science education 
programs), and the large joint Summer Research Symposium (where students presented their 
summer research in a poster session and 10-minute talk, in an environment that simulated the feel of 
a professional conference).  In the middle of the summer, the MRSEC also hosted a joint event* 
with multiple REU programs that included structured professional networking activities and enabled 
students from various summer programs to meet and interact with research faculty, graduate 
students, and other undergraduates. 

In the summer of 2013, the MRSEC will implement a new joint program as part of its strategic plan 
to increase the representation and success of underrepresented and underserved individuals in 
STEM fields. The three part series, titled “Different Science, Different People, Working Together”, 
includes a welcome orientation, seminar series, and professional networking and team-building 
event.   (See section 8.)   
 
The MRSEC directly supported the following 4 undergraduate students: 

Name College or University Advisor Research Project Title 

Matthew Koc Westminster College Thomas Mallouk 
Adsorption of Hydrophobic Anions into Polymer-

Intercalated Fluoromica: Understanding the 
Mechanism of Anion Exchange 

Omar Padilla University of Puerto Rico at 
Cayey Enrique Gomez Electron transport under soft confinement in organic 

semiconductor mixtures 

Anna Skinner University of Vermont Jun Zhu Chemical Vapor Deposition Growth of High Quality 
Graphene with Suppressed Multilayers 

Jaylissa Torres University of Puerto Rico at 
Cayey Moses Chan Synthesis of superconducting-ferromagnetic 

segmented nanowires using Sn and Co 

 
 
The following 14 MRSEC faculty mentors hosted undergraduates in their laboratories: 
(Note:  This list includes the MRSEC funded students above.) 

MRSEC Faculty Student College or 
University Research Project Title 

Moses Chan Jaylissa Torres University of Puerto Rico at 
Cayey 

Synthesis of Superconducting-Ferromagnetic 
Segmented Nanowires using Sn and Co 

Vincent Crespi Rosalba Vilchis Universidad 
Iberoamericana 

Analysis of Cellulose Microfibrils Images 
after Induced Creep 

Enrique Gomez Omar Padilla University of Puerto Rico at 
Cayey 

Electron Transport Under Soft Confinement 
in Organic Semiconductor Mixtures 



Venkatraman Gopalan Ferdinando Romano The Catholic University of 
America 

Probing PMN-PT Domain Structure with 
Second Harmonic Generation 

Qi Li Joseph Kwasizur Lafayette College Ferroelectric Polarization Switching in a 
Multiferroic Tunnel Junction 

Thomas E. Mallouk Matthew Koc Westminster College 

Adsorption of Hydrophobic Anions into 
Polymer-Intercalated Fluoromica: 

Understanding the Mechanism of Anion 
Exchange 

Suzanne Mohney Morgen Patterson Mount Holyoke College Transparent Schottky Barriers for Light 
Emitting Diodes 

Joan Redwing Malia Kawamura Colby College Oxidation of Bismuth Selenide Thin Films 

Nitin Samarth Kerry Ryan The College of New Jersey MOKE Imaging of Magnetic Domains in 
Multilayer Films 

Nitin Samarth William Serrano-Garcia University of Puerto Rico at 
Humacao 

Study and Characterization of Bismuth 
Selenide (Bi2Se3) 

Ayusman Sen Jessica Soto University of Puerto Rico at 
Mayaguez Enzyme-powered Micropumps 

Jorge Sofo Diego Balam Carrasco Universidad 
Iberoamericana 

Modeling Fluorine, Oxygen, and Hydrogen 
Clustering on Graphene 

Susan Trolier-Mckinstry Casey Newell University of 
Massachusetts Dartmouth 

Highly Accelerated Lifetime Testing 
(HALT) and Reliability Analysis of Niobium 
Doped Lead Zirconate Titanate (PZT) Thin 

Films 

Mauricio Terrones Platte Gruber Nebraska Wesleyan Synthesis and Characterization of Boron-
Doped Carbon Nanotube Sponges 

Jun Zhu Anna Skinner University of Vermont 
Chemical Vapor Deposition Growth of High 

Quality Graphene with Suppressed 
Multilayers 

 
 
In addition to the Physics/MRSEC REU program described above, MRSEC faculty were also 
actively involved in several other summer research experience programs for undergraduates: 

 Two faculty members (Enrique Gomez and Darrell Velegol) advised students in the 
Chemical Energy Storage and Conversion REU program hosted by the Department of 
Chemical Engineering, College of Engineering  

 Five current faculty members (John Asbury, John Badding, Thomas Mallouk, Raymond 
Schaak, and Auysman Sen) and 2 former faculty members were advisors for participants in 
the REU and 3M programs hosted by the Department of Chemistry, College of Science 

 One faculty member (Darrell Velegol) supervised a student in the REU program in Soft 
Materials hosted by the Materials Science and Engineering Department, College of Earth 
and Mineral Sciences.   

The strong involvement by PSU MRSEC faculty in multiple REU programs (each with a specific 
and unique focus) demonstrates the extent to which the Center is, directly and indirectly, exposing 
and promoting interdisciplinary research to the next generation of researchers. 



Note:  The statistics reported for the Physics/MRSEC REU program in Appendix C (Number of 
Active Participants) include additional students from other funding sources. At no additional 
expense, the program strives to broaden the impact of its NSF funding by including all physics-
affiliated summer research students in the career development activities organized for the REU 
students. Those receiving direct MRSEC financial support are specifically shown in the right-hand 
column. Without the existence of the MRSEC, joint activities and several professional development 
experiences would not take place. 
 

Opportunities for Teachers 

Interdisciplinary Research Experience for Teachers Program (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, the MRSEC 
provided multiple avenues of support for the program. MRSEC postdoctoral fellow, Francelys 
Medina, coordinated all aspects of the application and recruitment of teachers, matched faculty 
advisors and projects with teachers, organized technical and educational seminars and workshops, 
confirmed and supported the participation of the teachers in the poster presentation and REU/RET 
mini-symposium, implemented formative and summative evaluations, provided ongoing logistical 
and personal oversight as needed, and successfully secured a brand new bonus 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.  
The goal of the RET program at Penn State is to provide opportunities to the participating STEM 
teachers to engage in hands-on research projects with faculty mentors in materials and 
nanotechnology. Teachers who are better prepared in science content and who themselves have 
developed hands-on activities will contribute to enhancing the quality of STEM instruction. 
Teachers worked together in the development of lesson plans, oral and poster presentations, and 
papers for publication. The RET participating teachers have the option to request a supplemental 
grant to implement activities related to their research experience in their classroom. MRSEC 
researchers are building collaborative relationships between K-12 teachers and the research 
community, supporting the active participation of in-service teachers and pre-teachers in research 
and education projects, and providing the students of the RET participants with the appropriate 
content, skills, and career information to influence their future careers and competition in STEM 
education. 
 
The following teachers participated in the 2012 RET program: 
 

Name School District Faculty Mentor Research Project Title 

Douglas Brown Haverford Township Scott Phillips Separated Colorimetric Assay in a 3-Dimensional 
Paper Analytical Device 

Daniel Malone Fox Chapel Area Kirstin Drew Reflections of My Experiences as a Participating 
Teacher in the RET Program at Penn State 



Industry representatives, faculty, and students 

engaged in lively discussions about success. 

Brianna  Miller Middletown Area James Adair Synthesis and Characterization of Nanoparticulate 
Magnetite 

Jennifer Scalia Downingtown STEM 
Academy Ayusman Sen Gold Nanoparticles in the High School Chemistry 

Classroom: From Synthesis to Application 

Gary Spotts Bald Eagle Area Thomas Mallouk Synthesis of Silicon Dioxide Beads for Colloidal 
Crystal Investigations 

Christopher Tekely Philipsburg Osceola Roman Engel-Herbert Predicting Magnetization Switching Behavior in 
Magnetic Nanostructures 

 
 

Mini-Grant* Impact Extended: As reported last year, William Hughes, RET participant in the 
summer of 2011, was awarded a Mini-grant to implement his summer project in his classroom. His 
students built and calibrated colorimeters which have since been used by ~300 8th grade students for 
wet chemistry, nano-scale prism, and particle investigations in 2012 science classes. Over the past 
year, the impact of this project has been greatly extended.  TEEAP (Technology & Engineering 
Education Association of Pennsylvania) published the project as a feature article in its Fall 2012 
TEEAP Journal (Hughes, William, “MS STEM Colorimeter Assembly and Validation: Chemistry and Nanoscale 
Investigation”; TEEAP Journal, Volume 60 Number 3, 2012).  Mr. Hughes also presented the project to 
fellow educators at the 60th Annual TEEAP Conference held in November, 2012.  Further, the 
article was again recently published in the March 2013 issue of the Technology and Engineering 
Teacher journal (Hughes, Bill, “Assembly and Validation of a Colorimeter”; Technology and Engineering Teacher, 
March 2013).   
 

Recruitment and Retention 

Women in STEM Mixer *: After piloting the event with a 
small group of ~20 participants in April, the MRSEC hosted its 
first official Women in STEM Mixer in November 2012.  The 
retention-oriented multi-level professional networking event 
had 78 participants (7 men; 71 women).  Space was limited, 
and slots filled quickly, creating a large waiting list. Attendees 
included faculty, industry professionals, graduate students, and 
undergraduates.  The program, titled Setting Up for Success: Promoting Yourself and Your 
Research, began with a short presentation by faculty member Raymond Schaak. At least one 
research faculty member and industry representative was present to help facilitate each of three 
small group table discussions.  Access to the expertise, experiences, and the unique perspectives of 
both industry and academia was highly valued. Post-evaluation survey data from participants were 
extremely positive:  

 86.5% would be interested in attending again in the future  (57.7%  would be "very likely"; 28.8% 
would be "likely") 

 92.3% would recommend this event to a friend  (50% would "highly recommend" it; 40.3% would 
"recommend") 

 46.2% planned to initiate 2-4 individual follow-up contacts within the following month    



 100% felt that is important to bring multiple career levels all together in joint discussions in 
order to achieve (or positively impact) the goal of recruiting and retaining women in STEM 
(65.4% feel it is "extremely important"; 34.6% feel it is "important") 

Many ideas for future mixer topics were also submitted.  Without the existence of the MRSEC, this 
event would not have taken place. 

 

Evaluation & Assessment 

Systems Evaluation Protocol:  The Center completed its participation in the 2012 Evaluation 
Planning Partnership with the Cornell Office for Research on Evaluation under NSF Award No. 
0814364.  Utilizing the Women in STEM Mixer, Kristin Dreyer piloted the self-guided, online 
version of the program known as “mySEP” to help complete the Phase II trial of the Systems 
Evaluation Protocol for Assessing and Improving STEM Education Evaluation.  Some of the results 
from this effort are stated above. 

MRSEC Education Director Network - Evaluation Committee: Kristin Dreyer agreed to serve as 
Co-chair of the Evaluation Committee for the MRSEC Education Directors Network.  The 
following explains the committee’s plan for the current year: 

Charge Statement: Facilitate multi-center usage of common evaluation instruments† to (1) 
collaboratively assess MRSEC value-added impact of similar education programs and goals, 
(2) determine best practices, and (3) communicate findings to NSF* and the MRSEC 
Education Network.  

† Note: Common usage may entail either whole or partial instruments. 

* Rationale:  Multi-center evaluation is needed by NSF MRSEC leaders to advocate funding to 
Congress for the MRSEC program. 

Committee Goals for 2012-13: Establish broad multi-center participation and joint follow-up 
analysis using existing common evaluation tools for recent (2010-2012) and upcoming REU 
(2013) and RET programs and identify additional commonalities that may exist among 
MRSEC Centers. 

REU and RET Programs: Both the REU and RET programs associated with the MRSEC collect 
multiple summative and formative evaluation measures.  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.  Detailed results are included in the program specific report to NSF 
(DMR 1062691). 
The intended support of 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” will not take place. 

Keeping thorough and accurate records of all outreach events remains a primary focus of the 
Center.  This information is needed to assess beneficial impacts on both presenters and participants, 
acknowledge and recognize contributions made by MRSEC members, and implement program 
changes and improvements.   



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, informal mentoring, opportunities 
to supervise more junior researchers, research presentations. 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 

Postdoctoral Mentoring Plan



evaluations 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-
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. Through the sharing of problem solving strategies, the postdoctoral researchers gain experi-
ence in making sensible short and long term decisions to get the most out of a research project. 
Since all post-docs come with different skill set, strengths and weaknesses, career plan and per-
sonality, it is necessary to tailor a mentoring plan to best fit each individual, with particular focus 
on communication skills, specific research expertise, academic versus industrial versus teaching 
goals, etc. The MRSEC has had good success in the next stages in postdocs’ career paths; for ex-
ample, out of a set of 21 recent postdocs across a wide range of research topics, twelve obtained 
faculty positions, eight are currently working as research scientists or administrators in universi-
ties, national laboratories and private industry, one is teaching high school and one is a post-doc 
in a national lab
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 tar-
get 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 ob-
tained an NSF Discovery Corp fellowship; another led the effort to prepare and submit a success-
ful REU site proposal. Future opportunities along these lines may 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, four recent 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 is the primary responsibility of the Associate Di-
rector for Outreach, but other faculty participate as well as appropriate.
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.

Postdoctoral Mentoring Plan



MRSEC researcher, Paul Lammert, reviews the solar 

cell demonstration with his team of UBMS / SEECoS 

high school student presenters at Arts Fest Kids Day. 

8. Center Diversity – Progress and Plans 
 
Diversity Strategy Overview:  Over the past year, the Penn State MRSEC has put forth several 
new diversity initiatives in a strategic effort to broaden the participation of women and diverse 
individuals, institutions, and geographical areas, while continuing its historically most effective 
diversity-focused activities.  The MRSEC’s strategy acknowledges the importance of reaching 

multiple positions along the career pathway, the connections between these positions, and the 
inherent challenges associated with the fact that involvement in the Center usually begins long 
after admission to a doctoral program. Increasing diverse participation in research activities, 

therefore, requires both short-term activities, aimed at 

broadening immediate participation, as well as growing 
the number of long-term partnerships to help open and 

build more channels of entry. To do so, recent initiatives 
have emphasized broader engagement of Center faculty, 

expanding their involvement and investment in this 
initiative, discovering new connections through their 
professional contacts, and increasing their overall 
awareness of the goals.  Further, in order to both attract and 
retain diverse students at Penn State, the Center is striving 
to diversify Center faculty membership.  

 
Center Participation:  The tables below summarize the Center’s participation data within the last 
reporting period and historically. Comparing Penn State MRSEC percentages to those of its 
member departments provides a meaningful measure of evaluating the Center’s diversity efforts.  
 

 2012 
Total 

Women in 
MRSEC 

% Women± in 
member 

departments at PSU  
 

Underrepresented 
Minorities (URM) 

in MRSEC 

% URM± in 
member 

departments at PSU  

Faculty 49 10 (20%) 17% 4 (8%) 5% 

Postdocs 10 4 (40%) 25% 1 (10%) 1% 

Graduate 
Students 62 14 (23%) 23% 4 (6%) 4% 

REU* 
(Undergraduates) 19 7 (37%) 14% 5 (26%) 6% 

RET 6 2 NA 2 NA 

Table 1: Summary of 2012 participants by category of Women and Underrepresented Minorities (URM) 

± Penn State percentages are obtained via combined data from the six departments with graduate students supported 
by MRSEC.  These departments include Chemical Engineering, Chemistry, Electrical Engineering, Engineering 
Science and Mechanics, Materials Science and Engineering, and Physics.  Postdoc percentages include data from the 
entire reporting period. All other categories describe Fall 2012 semester data.  Source: Penn State FactBook 
(http://www.budget.psu.edu/FactBook/) 

* REU participants are not Penn State undergraduates, and therefore not chosen from this pool.  Penn State 
percentages are shown as a comparison to the general PSU undergraduate population.    
 RET information is not applicable to PSU comparisons, nor tracked in the longitudinal data tables below. 

http://www.budget.psu.edu/FactBook/
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Overall, MRSEC participation aligns closely with the general Penn State population pools from 
which it draws its members.  REU recruitment efforts yield noticeably better results than the 
general Penn State undergraduate population to which it is compared.   
The consistency of the longitudinal numbers below, when considered relative to total 
participation, indicates the Center's ongoing commitment to diversity, but also show that 
progress in broadening participation has been slow. There has been little statistical change in the 
diversity of the Center over the past six years.  The Penn State MRSEC now seeks to take a more 
active leadership position in broadening participation in its member departments - and therefore 
in the Center itself -  through several new, strategic initiatives.   
 

 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Faculty 48 49 50 42 38 45 43 49 45 49 

Post 7 10 11 11 13 19 12 12 9 10 
Grad 34 49 36 40 38 57 46 56 52 62 
REU 26 34 32 32 20 21 20 18 13 19 

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

 
 

 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 
Faculty 7 10 9 8 8 11 10 7 8 10 

Post 2 5 4 4 7 7 4 3 1 4 
Grad 13 15 9 9 4 8 9 11 15 14 
REU 10 11 11 9 12 13 10 10 5 7 

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

 

 
 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Faculty 1 1 2 2 2 2 2 4 2 4 
Post 0 0 1 1 3 3 1 2 1 1 
Grad 1 1 2 3 3 6 6 7 4 4 
REU 3 2 6 11 12 10 10 4 3 5 

Table 4: Number of Penn State MRSEC Underrepresented Minority participants by year and category.  
 
 
New Connections with URM Undergraduate Programs:  The MRSEC has been part of a new 
program, initiated by the Eberly College of Science at Penn State and developed in consultation 
with the leaders of the Meyerhoff Scholars program at the University of Maryland, Baltimore 

County (UMBC).  Meyerhoff is an undergraduate program that has successfully supported 
underrepresented minority students in their pursuit and achievement of doctoral degrees in 
science, engineering and mathematics. Penn State is using UMBC’s program as a model for its 
Millennium Scholars initiative, which will launch in summer 2013.  The ideas shared by 
Meyerhoff during the planning process focused on the key components of their success, and 
articulated many best practices.  The Center requested to participate in these activities, as well as 
meet personally with program leaders.  These best practices were summarized by Keith Harmon, 
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MRSEC faculty member, Enrique Gomez, works with REU 

participant, Omar Padilla, to learn about electron transport 

under soft confinement in organic semiconductor mixtures. 

Director, when he said, “At the end of the day, it’s all about building relationships”, because 
positive relationships build the solid community foundation that attracts and retains minority and 
underserved individuals.  As a result, the Center realized that permanent, positive increases in 
diverse participation numbers requires a multi-sided, personalized, long-term approach to 
diversity-oriented education, recruitment, and retention activities that foster interpersonal 
communications, an inclusive and supportive atmosphere, and a vibrant sense of community.  
Such a goal can’t be achieved by the isolated efforts of a few key people; therefore, the MRSEC 
is currently working to establish new recruitment and retention activities that include 
involvement at all levels of Center membership.   
 
Research Experiences for Undergraduates (REU) – A Key Opportunity: Summer research 
participation throughout the entire four year period is a requirement of all Meyerhoff and 
Millennium scholars. REU programs, therefore, are being more fully realized as a key 
recruitment tool and chance to attract a larger diverse pool of initial applicants for graduate 
study.  
As a result, a brand new effort was made this year to recruit REU applicants from the 

Meyerhoff program via direct communication with Meyerhoff directors, as well as a campus 
visit and presentation by Dr. Jorge Sofo, principal investigator of the Physics/MRSEC REU 
program ((DMR 1062691), in early February 2013.  A total of 56 Meyerhoff scholars attended 
the talk, all majoring in the physical sciences but a substantial number of whom were first-year 
students or seniors. Prior to this effort, only one UMBC student had applied to the program.  
Immediately following the recruiting talk, 5 additional students applied, citing Dr. Sofo’s visit in 
their applications.   
Given the highly competitive nature of the REU program, and the advanced level of many of the 
current project areas proposed by participating Penn State faculty mentors, successful REU 
candidates tend to be rising juniors and seniors.  However, the need for first year research 

experience opportunities has been identified, as well as the unique support structures and 
program elements that are necessary in order to provide meaningful and positive experiences to 
such a young undergraduate scholar.  As a result, discussions have just started taking place in 
order to prepare to support the first cohort of Millennium Scholars in the summer of 2014. 
The Center, through continued efforts by Dr. Ronald Redwing, also maintained its traditional 
presence at national scientific conferences hosted by organizations dedicated to the 

advancement of underrepresented minorities in STEM. Dr. Redwing is now the Associate Dean 
for Educational Equity in the College of Earth & Mineral Sciences, is a longtime MRSEC faculty 
member who formerly managed many of MRSEC’s education, outreach, and diversity initiatives. 
He continues to support the Center in his current role.  Through school visits with faculty and 
students, networking with attendees, and giving talks and presentations, undergraduates were 
informed about MRSEC-affiliated summer research programs and opportunities for future 
graduate studies. These meetings included the Society for the Advancement of Chicanos and 
Native American in Science (SACNAS) conference in Seattle, Washington, and the 5th annual 
NEAGEP (Northeast Alliance for Graduate Education and the Professoriate) Science Day in San 
Juan, Puerto Rico. 
A new, joint REU program series, titled “Different 

Science, Different People, Working Together” has been 
planned for implementation during summer 2013. 
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Participation includes all MRSEC-affiliated REU programs, as well as many other summer 
undergraduate research students. This joint series includes three parts, the first being a welcome 
orientation that includes diversity education and community-building activities. The orientation 
will provide a clear message regarding the value of diversity in science and engineering, as well 
as the growing trend of interdisciplinary research.  A seminar series, titled The Millennium 
Mash-up, will be held at the new Millennium Science Complex building, home of several state-
of-the-art user facilities and laboratories, as well as Penn State’s Materials Research Institute 
(MRI) and the Huck Institute for the Life Sciences.  Finally, a professional networking and team-
building event will provide another opportunity for students to become engaged with the larger 
research community, and exposed to the tremendous variety of people, facilities, and research 
that Penn State has to offer. (See Section 6 for further details.)  Evaluation efforts will measure 
whether participants have increased their understanding and sense of the value of diversity, and 
whether the activities helped to promote a welcoming and inclusive community environment. 
These ideas have received endorsement at many levels. Penn State’s Equal Opportunity Planning 
Committee (EOPC), under the direction of the Office of the Vice Provost for Educational Equity, 
has awarded a grant to support the proposal of this REU program series.  
 
 
Graduate Recruitment, Admission, and Appointment Processes: The MRSEC Diversity 
Committee has become engaged in consistent, purpose-driven communications with many 
stakeholders: the Center faculty, affiliated department graduate admissions committees, college-
level multicultural officers, and Penn State’s Graduate School. The primary purpose of these 
regularly held meetings and conversations has been to identify new opportunities for unique, 
value-added participation and support by the PSU MRSEC in graduate student recruitment 
efforts to attract and attain a greater number of top-level underrepresented, underserved, and 
female graduate students.  A larger initial pool of diverse incoming students is needed in order 

to realize greater increases in MRSEC membership over the months and years ahead.   
As a result, several new initiatives are underway.  First, greater involvement by Center members 

in diversity recruitment and retention activities has been designated as a specific new outreach 
category in which they can contribute their time and personal enthusiasm. Such activities will 
involve representation of the MRSEC at department and college level graduate recruitment 
events, hosting tours and information sessions, serving on graduate admissions committees of 
MRSEC-affiliated departments, representing the Center at national conferences and events, etc. 
This community-minded approach strives to establish relationships with new students, make the 
PSU MRSEC a more visible and tangible entity to incoming graduate students at the very start of 
their Penn State career, and provide the opportunity for current members become more fully 
aware of the breadth and depth of the Center’s research activities. Greater involvement of current 
MRSEC faculty in the processes that occur in their respective departments (from the period of 
recruitment and admission to the time of grad appointments), with mindfulness regarding the 
importance of diverse MRSEC membership, is intended to improve the probability that student 
pathways may ultimately lead to MRSEC projects. These new activities are being implemented 
in the current recruiting cycle.  Therefore, results will not be realized until next year, and 
evaluation of the long-term impact of these initiatives will take several years.  However, these 
initiatives closely follow the best practices articulated by Meyerhoff leaders as key elements to 
success.    
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Women in STEM Mixer participants discuss ways to 

effectively promote their research. 

A particularly exciting, new program idea was suggested by the MRSEC Diversity Committee 
and is now being implemented at the University level – a Fall Preview Open House.  This 
weekend event, which will launch in the early fall of 2013, specifically targets underrepresented 
and underserved minority undergraduate and female students in their junior or senior year. Such 
a preview, before the graduate application process is in full swing, appears to be a common best-
practice by universities and colleges who have strong and successful track records for attracting 
and retaining diverse student populations at the graduate level. Penn State does not currently 
hold such an event within any of MRSEC’s affiliated departments or colleges, and it is likely to 
be most effective if done on a large enough scale to build a community of students from multiple 
colleges. Dr. Ronald Redwing is taking the lead on organizing the event, together with MRSEC 
faculty member John Badding and several members of the MRSEC Diversity Committee.   
In an effort to have a greater influence on diversity in graduate recruiting, the MRSEC-MRI 

Fellowship program has been re-structured.  In the past, the Fellows were senior MRSEC 
students with a strong track record of research accomplishments.  The program will now more 
broadly solicit nominations of incoming first-year graduate students who demonstrate an interest 
in joining one of the IRGs or seed projects.   

 

Supporting Women and Girls in STEM:  The Center implemented several new efforts to 
support the success of female students and researchers at Penn State, targeting multiple positions 
along the career-path.  In addition, the rural geographical location of the Penn State community 
within Central Pennsylvania gives the MRSEC a unique opportunity to impact a local female 
population that is lacking opportunities, encouragement, and support to pursue success in STEM 
fields. 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 nearby 
communities. 
In November 2012, the Center hosted its first official 
Women in STEM Mixer, a retention-oriented multi-level 
professional networking event. The tremendous response to 
minimal marketing efforts demonstrated both the appeal and 
need for such an event. (See Section 6 for additional 
details.) Access to the expertise, experiences, and the unique 
perspectives of both industry and academia was highly 

valued. Post-evaluation survey data from participants was extremely positive:  
 86.5% would be interested in attending again in the future  (57.7%  would be "very likely"; 

28.8% would be "likely") 
 92.3% would recommend this event to a friend  (50% would "highly recommend" it; 40.3% 

would "recommend") 
 46.2% planned to initiate 2-4 individual follow-up contacts within the following month 
 100% felt that is important to bring multiple career levels all together in joint discussions 

in order to achieve (or positively impact) the goal of recruiting and retaining women in 
STEM (65.4% feel it is "extremely important"; 34.6% feel it is "important") 

 
The Center’s unique umbrella position, tradition of successful outreach endeavors, and many 
strong partnerships within the University community helped to reinvigorate the STEM 
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Graduate student, Wei Wang, discusses existing 

and potential applications of materials science 

with Science Leadership campers at the annual 

Meet the Scientist Mixer event. 

Committee of the local State College Branch of the American Association of University 

Women (AAUW).   Serving as Co-chair of the committee, Kristin Dreyer, MRSEC Program 
Director of Education and Outreach, worked to build a committee (~10 people now serve) and 
lead the effort to assist the chapter in efforts to expand its existing STEM programs and start 
several new initiatives.  (Details can be found in Section 6.)  These include three afterschool 
middle school programs for girls, with two serving rural areas.  Additionally, in January 2013, 
the AAUW Board approved funds to support ~8 Science-U camp scholarships for 6th, 7th and 8th 
grade girls in the Centre region, as well as a $2500 STEM Mini-grant program to support 
proposals for outreach projects up to $500.  Both programs have already been implemented and 
one mini-grant has been awarded. 
 
Incorporating Diversity into K-12 Initiatives: Whenever an opportunity exists to influence or 
choose the participants of an outreach program, the Center strives to do so with diversity in 
mind.  MRSEC’s scholarship support for Penn State’s Science Leadership Camp for high 
school students, which is part of the Science-U summer camp program, has provided eight 
students with a unique weeklong residential experience.  Changes, 
proposed by the MRSEC, in the scholarship marketing and 
application process are resulting in a larger, more geographically 
and ethnically diverse pool of competitive applicants, and 
attendees. In 2012, the camp hosted 23 individuals, including 11 
females (48%) and 8 (40%) underrepresented minorities. The 
eight scholarship awardees included two female and four URM 
recipients. Evidence of financial need was a baseline criterion, 
while enthusiasm for science, the desire to develop leadership 
qualities, and personal character traits were highly considered for 
final selections.  
 
The Summer Experience in the Eberly College of Science (SEECoS) research project is a 6-
week program in which small groups of 3-4 high school students from disadvantaged schools 
each conduct a simple, structured, research-like project with the assistance of undergraduate, 
graduate, and faculty mentors in a real laboratory. Of the 12 faculty mentors involved, 4 MRSEC 
faculty members (2 current and 2 previous) hosted groups.  The students are part of the 
tremendously successful Upward Bound Math and Science (UBMS) program (which, in 2012, 
served 70 low-income and first generation students from underrepresented and underserved 
populations).  These UBMS students were also placed in teams with Physics/MRSEC 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. 
 
Long-term Communication Benefits: The history of the Meyerhoff Scholars program has 
demonstrated that the impact of summer research experiences is by far not limited to the 
individual participants themselves. After completing the program, the participant’s entire 
personal network of friends and classmates receive information about the perceived quality of 
that student’s experience and his/her future opportunities.  Therefore, whether positive or 
negative, there is tremendous potential for ripple effects to occur.  When wisely realized, these 
effects can be constructively capitalized. Such knowledge also lends rationale to the importance, 
potential benefits, and effectiveness of making ongoing efforts to maintain contact with past 



 7 

participants.  Not only does this communication allow for the collection of longitudinal data for 
evaluation purposes, it provides ongoing encouragement to these students to support their future 
success, and it keeps doors open for possible future collaborations, program recruitment, and 
professional network building. Looking ahead, the MRSEC intends to establish a centralized 
mechanism for more formal, ongoing communications with its past and future REU students, as 
well as its graduate student and post-doctoral members.  
 
Plans for the next reporting period:  The Center for Nanoscale Science will continue to 
emphasize and prioritize both established and newly initiated efforts to recruit and retain broad 
participation in its research, outreach, and educational activities.  The Center’s key strategies for 
the coming year are as follows: 
 

 Continue to hold regular meetings of the MRSEC Diversity Committee and expand its 
connections and communication with all stakeholders: Center faculty, college diversity 
officers, graduate admission committees, and REU program leaders within the 
interdisciplinary departments and colleges associated with the MRSEC  

 Involve Center membership in representing the MRSEC at department and college level 
graduate recruitment, admissions, and retention activities 

 Further identify, establish, develop, and foster effective contacts and connections with 
programs and institutions that are dedicated to the advancement of underrepresented 
groups in science, in addition to Meyerhoff 

 Involve the entire MRSEC membership in efforts to both recruit and retain diverse 
graduate applicants  

 Actively participate in the inaugural year of the Penn State’s Millennium Scholars 
program by attending activities, providing mentorship, and supporting first year summer 
research opportunities 

 Continue to implement and support programs and initiatives that target female 
involvement in STEM fields, careers, research opportunities, and Center activities at all 
stages along the career path  

 Continue to strengthen the collaborative outreach and education partnership that is 
currently developing with the Materials Research Institute as a result of its 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 

 Continue to support and lead efforts to increase underrepresented and underserved 
participation in K-12 science outreach  and education programs 

 Establish an improved system for tracking and communicating with past MRSEC 
members, and actively involve these individuals in recruitment, retention, and 
professional development networking activities 



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. In the past 
year, Penn State has implemented an innovative new policy whereby the university does not as-
sert ownership of intellectual property that issues from industrially-sponsored research. Penn 
State considers the net present value of the interactions and relationships that our faculty and 
students have with industrial professionals to be greater than the apparent future value of the 
proceeds from such IP. This policy greatly facilitates academic-industry partnerships.

One of the important vehicles for collaboration with industry is the MRSEC’s Industrial Affili-
ates Program, now in its fifth 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 two industry interactions in the past year, and enumerate other collabo-
rative relationships that MRSEC faculty held with external partners in 2012. The IRG2 team on 
catalytic motors and pumps continues to pursue potentially transformative research on the active 
pumping/transport of hydrocarbons within porous substrates. This work is supported by the Ad-
vanced Energy Consortium, which counts as members many of the major oil companies and oil 
services companies. The IRG has hosted industrial visits and has a program of sample exchange 
with partners. The Seed IRG is pursuing a collaboration with Grupo Antolin on graphene plate-
lets. Faceted graphene platelets from carbon nanofibers could be useful for conducting transpar-
ent electrodes, polymer composites, coatings, etc. Venkat Gopalan Long-qing Chen worked with 
the National Energy Technology Lab, Lawrence Livermore National Lab, Oak Ridge National 
Lab, General Motors, and the Ford Motor Company on topics related to IRG1. S.-T. Mckinstry 
worked with IBM on piezotronics, related to IRG1 and V. Gopalan worked with Kodak on fer-
roelectric devices.
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Workshops, Awards and Faculty Presentations
 Ayusman Sen delivered several presentations in international venues such as the Indian Institute 
of Science Education and Research, Trivandru; the National Symposium, Chemical Research 
Society of India, Trivandrum, India; the S. R. Palit Memorial Lecture, Indian Association for the 
Cultivation of Science, India; Keynote Lecture, Annual Meeting of the International Society of 
Electrochemistry, Prague, Czech Republic; and Keynote Speaker, Workshop on Micro and 
Nanomotors - Challenges and Perspectives, Dresden, Germany; Lorentz Center Workshop on 
Active Dynamics, Leiden, Netherlands. In addition, Srinivas Tadigadapa gave a presentation on 
Nanoscale Thermoelectrics at the National Chiao Tung University, Hsinshu, Taiwan. Outreach to 
national labs includes seminars by Tom Mallouk at NIST about work in IRG2 and presentations 
by Asbury also at NIST. Long-Qing Chen visited Tsinghua University as a short-term visiting 
professor in summer of 2012. Tony Jun Huang gave seminars on IRG 2 research at the Depart-
ment of Physics, Shanghai University, China, the Institute of Micro/Nano Manufacturing, 
Shanghai Jiaotong University, China, and the International Conference on Optofluidics 2012, 
Suzhou, China. John Asbury presented MRSEC results at the Gordon Research Conference on 
Vibrational Spectroscopy,  7th International Conference on Quantum Dots, the Advanced Meas-
urement Laboratory at NIST, and other venues. Scott Phillips gave a seminar on IRG 2 research 
at the 15th European Conference on Composite Materials in Venice in June 2012. Some of these 
activities are also noted in the International section.

Visiting Corporate and International Scientists:
John Badding has been supplying samples of high power ZnSe fibers to Videojet technologies 
for evaluation. Gopalan group hosted a visiting researcher, Shiyang Li, from Xian Jiatong Uni-
versity, China. Long-Qing Chen hosted International visiting student D. J. Franzbach from the 
Institute of Materials Science, Technische Universität Darmstadt, 64287, Darmstadt, Germany. 
Additional international connections to diverse institutions are enumerated in the International 
Activities section.

Industrial and National Lab Fellowships, Internships, or Employment:
Helen He is currently a postdoc at Advanced Light Source, LBNL. Banafsheh Keshavarzi is cur-
rently at Air Products & Chemicals. Sharis Minassian is currently employed as a Senior Process 
Engineer at Maxim Integrated in San Francisco. Meenakshi Singh is currently a postdoc at San-
dia National Laboratory. Alejandro Suarez is currently a postdoc at Navy Research Laboratory. 
Bei Wang is currently a R&D Engineer at Micron Technology. Benjamin Winchester, is currently 
a postdoc at Sandia National Lab. Seokho Yun is currently a research staff member at Samsung 
Advanced Institute of Technology.

Knowledge Transfer



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 is proceeding in 
part through interactions with collaborators in France. IRG1 also has several important relation-
ships with international collaborators, as outlined below.  Specific international activities in the 
past year include the following:

• IRG2 hosted Sergey Shklyaev from the Institute of Continuous Media Mechanics in Perm, 
Russia

• In December, Mallouk traveled to Addis Ababa, Ethiopia with  graduate student Nella Var-
gas to take part in the first Joint US-Africa Materials Institute (JUAMI).  This two-week 
school, which  included about 50 graduate students and faculty from East African  coun-
tries (Ethiopia, Uganda, Tanzania, Kenya, Zambia, South Africa) and 30 from the U.S., 
was sponsored by NSF. Faculty (both American  and African) gave tutorials on topics per-
taining to materials for energy conversion and the American graduate students ran problem 
solving and laboratory sessions.  Mallouk gave a one-day tutorial and ran a problem solv-
ing session on photo-electrochemistry and Vargas ran a lab in which students made and 
characterized dye sensitized solar cells. Faculty discussed possible future collaboration and 
exchange of students, including potential topics related to MRSEC IRG research.

• Mallouk gave seminars at the Xerox Research Centre (Missasauga,  Ontario, Canada) and 
at the University of Western Ontario (London,  Ontario) in November 2012 on IRG2 and 
IRG3 research.

• Scott Phillips gave a seminar on IRG 2 research at the 15th European Conference on Com-
posite Materials in Venice in June 2012

• In July, Moses Chan presented five lectures to ~ 100 physics graduate students in a sum-
mer school on low temperature physics organized by Tsinghua University, China. Four of 
the five lectures were on research being conducted in IRG 3.

• Moses Chan also presented seminar at the China High magnetic Field Laboratory in Hefei, 
china on research carried in IRG 3 in July.

• As noted earlier, Ayusman Sen delivered several presentations in international venues such 
as the Indian Institute of Science Education and Research, Trivandru; the National Sympo-
sium, Chemical Research Society of India, Trivandrum, India; the S. R. Palit Memorial 
Lecture, Indian Association for the Cultivation of Science, India; Keynote Lecture, Annual 
Meeting of the International Society of Electrochemistry, Prague, Czech Republic; and 
Keynote Speaker, Workshop on Micro and Nanomotors - Challenges and Perspectives, 
Dresden, Germany; Lorentz Center Workshop on Active Dynamics, Leiden, Netherlands. 
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• As noted earlier, Srinivas Tadigadapa gave a presentation on Nanoscale Thermoelectrics at 
the National Chiao Tung University, Hsinshu, Taiwan. Long-Qing Chen visited Tsinghua 
University as a short-term visiting professor in summer of 2012. Tony Jun Huang gave 
seminars on IRG 2 research at the Department of Physics, Shanghai University, China, the 
Institute of Micro/Nano Manufacturing, Shanghai Jiaotong University, China, and the In-
ternational Conference on Optofluidics 2012, Suzhou, China.

International Activities



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 certain of these facilities, with Theresa Mayer serving as the Director of the Penn 
State Nanofabrication Laboratory. 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, the 
Materials Research Facilities Network, as well as other outreach programs that serve middle 
school girls, teacher workshops, and at-risk youth.

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 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 and also by the Materials Research Facilities Network.  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 helps to support 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. The 
MSC sponsors short courses and workshops on simulation/modeling software on a regular basis. 
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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). Over the past year, a LabView control system was designed and installed on 
the MOCVD system to enable automated operation of all valves, mass flow controllers, pressure 
controllers and temperature controllers. This MOCVD system was moved to the CVD 
Laboratory in the Millenium Science Complex in April 2012. Facilities installation and 
equipment testing was completed over the summer and the system was operational as of 
September. We are currently using the MOCVD system to develop a process for the growth of 
InSb nanowires which are of interest for studies of thermal and spin transport. The MRSEC 
facilities are available to other internal and external users, but are managed and funded directly 
by the MRSEC. 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.

In 2012 the MRFN Faculty Fellowship Program at Penn State continued to achieve its primary 
goal of supporting the research of faculty from primarily undergraduate institutions by enabling 
access to MRFN resources.  The fellows for the summer of 2012 were Dr. Alison Noble of 
Messiah College and Dr. Benjamin Legum of Clarion College; their activities are outlined below.

Noble: Current research is focused on understanding and manipulating the surface promoted 
behaviors of liquid crystalline thin films on a chemically modified semiconductor substrate.  
Liquid crystals find application in numerous technological applications including display 
screens, medical devices, and optical sensors.  Of primary concern in the current effort is the 
surface promoted orientation of nematic liquid crystals, specifically 4n-pentyl-4’-cyanobiphenyl 
(5CB), and its orientation (and subsequent relaxation) in an applied electric field.  The substrate 
of interest is ZnSe, a semiconductor that finds widespread use in infrared spectroscopy.  Current 
studies employ thiolate and carboxylate self-assembled monolayers (SAMs) as a method for 
chemical modification of the ZnSe substrate and a designed-surface approach for the promotion 
of aligned liquid crystalline thin films.  Access to the instrumentation, particularly the X-ray 
photoelectron spectrometer has been essential for the characterization of the chemically modified 
ZnSe substrate.  Additionally, lithography equipment in the Nanofabrication Laboratory has 
enabled significant progress in patterning electrodes directly onto the ZnSe substrate.  

Legum: The current project involves an investigation of the cellular adhesion on acid etched 
implant grade titanium and chemical vapor deposition (CVD) substrates.  Titanium implants 
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integrate well into bone, but not soft tissue. The ability to control localization of cell adhesion on 
implants can greatly benefit orthopedic surgery.  Adjustment of the surface of these implants 
could provide soft tissue adhesion points, thus improving the integration of current implants.  
The ability to fully characterize the surface of these materials is essential and the MRFN 
program has provided travel, an intern, supplies, and most importantly access to instrumentation.  
To date, the polishing laboratory, atomic force microscopy, and electron microscopy have been 
utilized to investigate the surface structure of acid etched implant grade titanium and chemical 
vapor deposition (CVD) substrates.  The results from the experiments have been very promising 
and would not have been possible without support from MRSEC.

Facilities



12. Administration and Management
The organizational structure of the 
Center is outlined in the chart  be-
low. Daily operations are managed 
by the Director, Vincent Crespi, 
who reports directly to the Senior 
Vice President for Research, Hank 
Foley. Consultation with Professors 
Foley and Schiffer (Associate VP 
for Research and member of IRG1) 
facilitate the MRSEC’s interdisci-
plinary and intercollegiate nature. 
In 2012, Schiffer assumed the role 
of Vice Chancellor for Research at 
the University of Illinois.

Center policy is developed by con-
sultation of the full membership and is implemented by its Executive Committee. This commit-
tee currently consists of the Director Crespi, the Associate Directors Mallouk and Chan, the IRG 
leaders (Gopalan, Sen, Chan and Mayer), the Associate VP for Research 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 Materials Characterization Lab). Mal-
louk, the prior Director, is currently overseeing the outreach portfolio. The Executive Committee 
is well connected to University administration in materials research through Pantano and Mayer 
(who is also Director of the Penn State Nanofabrication Facility), and all members of the Execu-
tive Committee are also active in the research and/or outreach activities of the Center. Mallouk 
and Mayer also serve on the MRI advisory board, further connecting the leadership of the Center 
and MRI. The Executive Committee meets approximately bimonthly, typically after the weekly 
MRSEC Seminar. While the scientific direction of the Center grows in a “bottom up” way by 
soliciting the most compelling research ideas from the full membership, the Executive Commit-
tee plays an important role in coordinating the review of new proposals and existing projects and 
ensuring that the research portfolio undergoes continual renewal. The Executive Committee is 
also charged with deciding resource 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 
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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 
central Pennsylvania, a growing number have been recruited to the Center. The MRSEC Diver-
sity 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). In the past year, the diversity 
committee has initiated a university-wide partnership to spearhead a new Science Expo for 
graduate recruiting and retention.

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 in-
stances, 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. In 2012, the MRSEC hosted an NSF review panel which provided 
very valuable feedback to the Center.

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 of-
ten 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 
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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 continued to support the IRG Seed initiated in the previous 
year, and has also begun the process of preparation for the renewal competition. A call was 
placed university-wide via a pair of Town Hall meetings in January 2013 for new IRG proposals. 
The response was excellent, with at least 8 or 9 distinct potential IRG teams competing for slots 
in the renewal proposal. These efforts will now be competed internally in early summer 2013 
(with confidential external reviews solicited), in line with the preparation and submission of the 
renewal white paper to NSF in early Fall 2013. The IRG Redirection process performed in the 
prior year was a very valuable precondition to this current competition process.  

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 addi-
tional support for new projects and obtain review input from outside experts. The Institutes bene-
fit 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 se-
lected in this process have generally been very successful, either as future IRG projects or as the 
beginning of multi-investigator collaborations that later become NIRTs, MURIs, or other major 
grants. In 2012, there was not a general Seed call, since the MRSEC is currently directing Seed 
resources towards the recently-funded IRG Seed and also IRG Redirection. New Seeds are cur-
rently being identified for the renewal process; this will also be done through an open competi-
tion.

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 and 
also in spearheading the new Science Expo initiative in partnership with the MRSEC. The 
MRSEC recently recruited Kristin Dreyer, a former high school teacher, instructor in the Physics 
Department, and administer of the Penn State Women in Science and Engineering program, as a 
Outreach Director. Postdoctoral fellow Francelys Medina is an educational outreach coordinator 
in the Center, currently specializing in the RET/REU program. Kristin Dreyer is the administra-
tive point of contact for our collaborations with the Franklin Institute.  

Administration and Management



Industrial outreach, including workshops, personnel exchange, and joint support of students is 
overseen by Pantano, together with David Fecko, who oversees industrial outreach within the 
Materials Research Institute and reports directly to Carlo.

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.  

Administration and Management



13. List of Ph.D students and postdocs graduating in 2012 
W= woman, M=minority 
 

Charles Brooks, Ph.D received in 2012, currently a postdoc at Cornell.  

(W) Ashley DaSilva, Ph.D received in 2012, currently a postdoc at University of Texas. 

(W) Helen He, Ph.D received in 2012, currently a postdoc at Advanced Light Source, LBNL 

Banafsheh Keshavarzi, Ph.D received in 2012, currently at Air Products & Chemicals. 

Che-Hui Lee, Ph.D received in 2012. 

(W) Sharis Minassian, received her Ph.D in 2012 and is currently employed as a Senior Process Engineer 
at Maxim Integrated in San Francisco. 

Nathan Motl, Ph.D received in 2012, currently a postdoc with Prof. Sara Skrabalak at Indiana University. 

Amir Nourhani, Ph.D received in Chemical Engineering at Penn State in 2012. He is now pursuing his 
Ph.D in Physics at Penn State.  

Ryan Pensack, Ph.D received in 2012, currently a postdoc at the University of Toronto. 

(W) Meenakshi Singh, Ph.D received in 2012, currently a postdoc at Sandia National Laboratory. 

Justin Sparks, Ph.D received in January 2013. 

(M) Alejandro Suarez, Ph.D received in 2012, currently a postdoc at Navy Research Laboratory. 

(W) Bei Wang, Ph.D received in 2012, currently a R&D Engineer at Micron Technology. 

Benjamin Winchester, Ph.D received in 2012, currently a postdoc at Sandia National Lab. 

Seokho Yun, Ph.D received in 2012, currently a research staff member at Samsung Advanced Institute of 
Technology.  

Ke Zou, Ph.D received in 2012, currently a postdoc at Yale University. 

 

 

 

 

 



14. Publications and Patents 
 
IRG 1 
A. Primary Support  
 
E. A. Eliseev, A. N. Morozovska, Y. Gu, A. Borisevich, L.-Q. Chen, V. Gopalan, and S. V. 
Kalinin, “Conductivity of Twin Walls-surface Junctions in Ferroelastics-Interplay of 
Deformation Potential, Octahedral Rotations, Improper Ferroelectricity, and Flexoelectric 
Coupling,” Physics Review B, 86, 085416 (2012).  
 
A. N. Morozovska, E. A. Eliseev, S. V. Kalinin, L. Q. Chen, and V. Gopalan, “Surface Polar 
States and Pyroelectricity in Ferroelastics induced by Flexo-roto Field,” Applied Physics Letters, 
100, 142902 (2012).  
 
S. Lei, E. A. Eliseev, A. N. Morozovska, R. C. Haislmaier, T. T. A. Lummen, W. Cao,  S. V. 
Kalinin  and V. Gopalan, “Origin of Piezoelectric Response under a Biased Scanning Probe 
Microscopy Tip Across a 180 Ferroelectric Domain Wall,” Physics Review B, 86, 134115 
(2012).   

 
A. N. Morozovska, E. A. Eliseev, M. D. Glinchuk, and V. Gopalan, “Interfacial Polarization and 
Pyroelectricity in Antiferrodistortive Structures induced by a Flexoelectric Effect and 
Rotostriction,” Physics Review B, 85, 094107 (2012). 
 
Y. J. Gu, K. Rabe, E. Bousquet, V. Gopalan, and L.-Q. Chen, “A Phenomenological 
Thermodynamic Potential for CaTiO3 Single Crystal,” Physics Review B, 85, 064117 (2012). 
 
B. Partial Support 
 
J. M. Hu, Z. Li, L. Q. Chen, and C. W. Nan, “Design of a Voltage-controlled Magnetic Random 
Access Memory Based on Anisotropic Magnetoresistance in a Single Magnetic Layer,” 
Advanced Materials, 24, 2869-2873 (2012).  
 
D. J. Franzbach, Y. Gu, L.-Q. Chen, and K.G. Webber, “Electric Field-induced Tetragonal to 
Orthorhombic Phase Transitions in [110]c-oriented BaTiO3 Single Crystals,” Applied Physics 
Letters, 101(23): 232904 (2012). 
 
A. Morozovska, E. A. Eliseev, M. D. Glinchuk, L-Q. Chen, S. V. Kalinin, and V. Gopalan, 
“Polarization and Pyroelectricity in Antiferrodistortive Structures and Surfaces Induced by a 
Flexoelectric Effect: Impact of Free Charges,” Ferroelectrics, 438, 32-44 (2012).  
 
P. Wu, X. Ma, Y. Li, V. Gopalan, and L-Q. Chen, “Dipole Spring Ferroelectrics in Superlattice 
SrTiO3/BaTiO3 Thin Films Exhibiting Constricted Hysteresis Loops,” Applied Physics Letters, 
100, 092905 (2012).  
 



M. B. Holcomb, S. Polisetty, A. F. Rodriguez, V. Gopalan, and R. Ramesh, “Investigating 
Electric Field Control of Magnetism with Neutron Scattering, Nonlinear Optics and Synchrotron 
X-ray Spectromicroscopy,” International Journal of Modern Physics B, 26, 1230004 (2012).  
 
P. Gao, C. T. Nelson, J. R. Jokisaari, Y. Zhang, S. H. Baek, C. W. Bark, E. Wang, Y. M. Liu, J. 
Y. Li, C. B. Eom, and X. Q. Pan, “Direct Observations of Retention Failure in Ferroelectric 
Memories,” Advanced Materials, 24, 1106-1110 (2012). 
 
H. Lu, X. Liu, C. W. Bark, Y. Wang, Y. Zhang, D. J. Kim, A. Stamm, P. Lukashev, D. A. 
Felker, C. M. Folkman, P. Gao, M. S. Rzchowski, X. Q. Pan, C. B. Eom, E. Y. Tsymbal, and A. 
Gruverman, “Enhancement of Ferroelectric Polarization Stability by Interface Engineering,” 
Advanced Materials, 24, 1209-1216 (2012).  
 
Q. He, C.-H. Yeh, J.-C. Yang, G. Singh-Bhalla, C.-W. Liang, P.-W. Chiu, G. Catalan, L.W. 
Martin, Y.-H. Chu, J. F. Scott, and R. Ramesh, “Magnetotransport at Domain Walls in BiFeO3,” 
Physics Review Letters, 108, 067203 (2012).  
 
S. Zhang, J. Li, I. Gilbert, J. Bartell, M. J. Erickson, Y. Pan, P. E. Lammert, C. Nisoli, K. K. 
Kohli, R. Misra, N. Samarth, C. Leighton, and P. Schiffer, “Perpendicular Anisotropy and 
Generic Realization of the Ising Model in Artificial Spin Ice,” Physics Review Letters, 109, 
087201 (2012).  
 
P. J. Ryan, J.-W. Kim, T. Birol, P. Thompson, J.-H. Lee, X. Ke, P. S. Normile, E. Karapetrova, 
P. Schiffer, S. D. Brown, C. J. Fennie, and D. G. Schlom, “Reversible Control of Magnetic 
Interactions by Electric Field in a Single-phase Material,” Nature Communications, DOI: 
10.1038/ncomms2329 (2013).  
 
C. M. Brooks, R. Misra, J. A. Mundy, L. A. Zhang, B. S. Holinsworth, K. R. O’Neal, T. Heeg, 
W. Zander, J. Schubert, J. L. Musfeldt, Z.-K. Liu, D. A. Muller, P. Schiffer, and D. G. Schlom, 
“The Adsorption Controlled Growth of LuFe2O4 by Molecular-beam-epitaxy,” Applied Physics 
Letters, 101, 132907 (2012).  
 
J. C. Yang, Q. He, S. J. Suresha, C. Y. Kuo, R. Haislmaier, G. Sheng, C. Adamo, H. J. Liu, C. 
W. Liang, C. Y. Peng, H. J. Lin, Z. Hu, L. Chang, C. T. Chen, L. H. Tjeng, E. Arenholz, D. G. 
Schlom, V. Gopalan, L. Q. Chen, Y. H. Chu, and R. Ramesh, “Orthorhombic BiFeO3 
Multiferroic Thin Films,” Physical Review Letters, 109, 247606 (2012).  
 
J. A. Mundy, Q. Y. Mao, C. M. Brooks, D. G. Schlom, and D. A. Muller, “Atomic-resolution 
Chemical Imaging of Oxygen Local Bonding Environments by Electron energy Loss 
Spectroscopy,” Applied Physics Letters, 101, 042907 (2012).  

 
C. Shared Facilities   
 
None. 
 



IRG 2 
A. Primary Support 
 
S. Sengupta, K. K. Dey, H. S. Muddana, T. Tabouillot, M. E. Ibele, P. J. Butler, and A. Sen, 
“Enzyme Molecules as Nanomotors,” Journal of the American Chemical Society, 135, 1406 
(2013). 
 
N. Chaturvedi, B. K. Juluri, Q. Hao, T. J. Huang, and D. Velegol, “Simple Fabrication of 
Snowman-like Colloids,” Journal of Colloid & Interface Science, 317, 28-33 (2012).  
 
X. Ding, S. S. Lin, B. Kiraly, H. Yue, S. Li, J. Shi, S. J. Benkovic, and T. J. Huang, “On-Chip 
Manipulation of Single Microparticles, Cells, and Organisms Using Surface Acoustic 
Waves,” Proceedings of the National Academy of Sciences of the United States of America 
(PNAS), 109, 11105-11109 (2012).  
 
Y. Xie, D. Ahmed, M. Lapsley, S. S. Lin, A. A. Nawaz, L. Wang, and T. J. Huang, “Single-
Shot Characterization of Enzymatic Reaction Constants Km and kcat By An Acoustic-Driven, 
Bubble-Based Fast Micromixer,” Analytical Chemistry, 84(17), 7495–7501 (2012.) 
 
X. Ding, J. Shi, S. S. Lin, S. Yazdi, B. Kiraly, and T. J. Huang, “Tunable Patterning of 
Microparticles and Cells using Standing Surface Acoustic Waves,” Lab on a Chip, 12, 2491-
2497 (2012).  
 
X. Ding, S. S. Lin, M. I. Lapsley, S. Li, X. Guo, C. Y. K. Chan, I.-K. Chiang, J. P. McCoy, and 
T. J. Huang, “Standing Surface Acoustic Wave (SSAW) Based Multichannel Cell Sorting,” Lab 
on a Chip, 12, 4228–4231 (2012).  
 
P.-H. Huang, M. I. Lapsley, D. Ahmed, Y. Chen, L. Wang, and T. J. Huang, “A Single-Layer, 
Planar, Optofluidic Switch Powered By Acoustically Driven, Oscillating Microbubbles,” Applied 
Physics Letters, 101, 141101 (2012).  
 
D. Ahmed, C. Y. Chan, S. S. Lin, H. S. Muddana, N. Nama, and T. J. Huang, “Tunable, 
Pulsatile Chemical Gradient Generation via Acoustically Driven Oscillating Bubbles,” Lab on a 
Chip, 13, 328-331 (2013).  
 
S. S. Lin, B. R. Tittmann, T. J. Huang, “Design of Acoustic Beam Aperture Modifier Using 
Gradient-Index Phononic Crystals,” Journal of Applied Physics, 111, 123510 (2012). 
 
Y. B. Zheng, B Kiraly, P. S. Weiss, and T. J. Huang, “Molecular Plasmonics for Biology and 
Nanomedicine,” Nanomedicine, 7(5), 751-770 (2012).  
 
W. Wang, L. A. Castro, M. Hoyos, and T. E. Mallouk, “Autonomous Motion of Metallic 
Microrods Propelled by Ultrasound,” ACS Nano, 6, 6122-6132 (2012). 
 



H. Zhang, K. Yeung, J. S. Robbins, R. A. Pavlick, M. Wu, R. Liu, A. Sen, and S. T. Phillips, 
“Self-Powered Microscale Pumps Based on Analyte-Initiated Depolymerization Reactions,” 
Angewandte Chemie-International Edition., 51, 2400 (2012). 
 
S. Sengupta, M. E. Ibele, and A. Sen, “Fantastic Voyage: Designing Self-powered Nanobots,” 
Angewandte Chemie-International Edition, 51, 8434 (2012). 
 
V. Yadav, H. Zhang, R. Pavlick, and A. Sen, “Triggered ‘On/Off’ Micropumps and Colloidal 
Photodiode,” Journal of the American Chemical Society, 134, 15688 (2012). 
 
W. Duan, M. Ibele, R. Liu, and A. Sen, “Motion Analysis of Light-powered Autonomous Silver 
Chloride Nanomotors,” European Physical Journal E, 35, 77 (2012). 
 
W. Duan, R. Liu, and A. Sen, “Transition between Collective Behaviors of Micromotors in 
Response to Different Stimuli,” Journal of the American Chemical Society, 135, 1280 (2013). 
 
B. Partial Support  
 
S. Yang, M. I. Lapsley, B. Cao, C. Zhao, Y. Zhao, Q. Hao, B. Kiraly, J. Scott, W. Li, L. Wang, 
Y. Lei, and T. J. Huang, “Large-Scale Fabrication of Three-Dimensional Surface Patterns Using 
Template-Defined Electrochemical Deposition,” Advanced Functional Materials, 23, 720-730 
(2013).  
 
M. Lu, B. K. Juluri, Y. J. Liu, T. J. Bunning, and T. J. Huang, “Single-Step Holographic 
Fabrication of Large-Area Periodically Corrugated Metal Films,” Journal of Applied Physics, 
112, 113101 (2012).  
 
S. Yang, B. Kiraly, W. Y. Wang, S. Shang, B. Cao, H. Zeng, Y. Zhao, W. Li, Z.-K. Liu, W. Cai, 
and T. J. Huang, “Fabrication and Characterization of Beaded SiC Quantum Rings with 
Anomalous Red Spectral Shift,” Advanced Materials, 24, 5598-5603 (2012).  
 
Y. Zhao, T. Walker, Y. B. Zheng, S. S. Lin, A. A. Nawaz, B. Kiraly, J. Scott, and T. J. 
Huang, “Mechanically Tuning the Localized Surface Plasmon Resonances of Gold 
Nanostructure Arrays,” ASME Journal of Nanotechnology in Engineering and Medicine, 3, 
011007 (2012).  
 
S. Yang, F. Guo, B. Kiraly, X. Mao, M. Lu, and T. J. Huang, “Microfluidic Synthesis of 
Multifunctional Janus Particles for Biomedical Applications,” Lab on a Chip, 12, 2097-2102 
(2012).  
 
M. I. Lapsley, A. Shahravan, Q. Hao, B. K. Juluri, S. Giardinelli, M. Lu, Y. Zhao, I.-K. Chiang, 
T. Matsoukas, and T. J. Huang, “Shifts in Plasmon Resonance Due to Charging of A Nanodisk 
Array in Argon Plasma,” Applied Physics Letters, 100, 101903 (2012).  
 



Q. Hao, S. Morton, B. Wang, Y. Zhao, L. Jensen, and T. J. Huang, “Tuning Surface-Enhanced 
Raman Scattering from Graphene Substrates using the Electric Field Effect and Chemical 
Doping,” Applied Physics Letters, 102, 011102 (2013).  
 
Y. Zhao, Q. Hao, Y. Ma, M. Lu, B. Zhang, M. Lapsley, I.-C. Khoo, and T. J. Huang, “Light-
Driven Tunable Dual-Band Plasmonic Absorber using Liquid-Crystal-Coated Asymmetric 
Nanodisk Array,” Applied Physics Letters, 100, 053119 (2012).  
 
Q. Hao, B. Wang, J. Bossard, B. Kiraly, Y. Zeng, I.-K. Chiang, L. J., D. Werner, and T. J. 
Huang, “Surface-Enhanced Raman Scattering Study on Graphene Coated Metallic 
Nanostructure Substrates,” Journal of Physical Chemistry C, 116, 7249-7254 (2012). 
 
C. Shared Facilities  
 
F. Guo, M. I. Lapsley, A. A. Nawaz, Y. Zhao, S.-C. Lin, Y. Chen, S. Yang, X.-Z. Zhao, and T. J. 
Huang, “A Droplet-based, Optofluidic Device for High-throughput, Quantitative Bioanalysis,” 
Analytical Chemistry, 84, 10745−10749 (2012). 
 
X. Mao, A. A. Nawaz, S. S. Lin, M. I. Lapsley, Y. Zhao, J. P. McCoy, W. S. El-Deiry, and T. J. 
Huang, “An Integrated, Multi-parametric Flow Cytometry Chip using ‘Microfluidic Drifting’ 
Based Three-dimensional (3D) Hydrodynamic Focusing,” Biomicrofluidics, 6, 024113 (2012).  
 
J. J. McDermott, A. Kar, M. Daher, S. Klara, A. Sen, and D. Velegol, “Self-generated 
Diffusioosmotic Flows from Calcium Carbonate Micropumps,” Langmuir, 28, 15491-15497 
(2012).  
 
L. M. Ramirez, A. S. Smith, D. B. Unal, R. H. Colby, and D. Velegol, “Self-assembly of 
Doublets from Flattened Polymer Colloids,” Langmuir, 28, 4086-4094 (2012).  
 
IRG 3  
A. Primary Support 
 
J. E. Brom, Y. Ke, R. Z. Du, D. Won, X. J. Weng, K. Andre, J. C. Gagnon, S. E. Mohney, Q. Li, 
K. Chen, X. X. Xi and J. M. Redwing, “Structural and Electrical Properties of Epitaxial Bi2Se3 
Thin Films Grown by Hybrid Physical-chemical Vapor Deposition,” Applied Physics Letters, 
100(16), 162110 (2012). 

 
C. M. Eichfeld, S. S. A. Gerstl, T. Prosa, Y. Ke, J. M. Redwing, and S. E. Mohney, “Local 
Electrode Atom Probe Analysis of Silicon Nanowires Grown with an Aluminum Catalyst,” 
Nanotechnology, 23(21), 215205 (2012). 
 
J. Wang, Y. Sun, M. Tian, B. Liu, M. Singh, and M. H. W. Chan, “Superconductivity in Single 
Crystalline Pb Nanowires Contacted by Normal Metal Electrodes,” Physical Review B, 86(3),  
035439 (2012). 
 
 



J. Wang, C. Z. Chang, H. Li, K. He, D. Zhang, M. Singh; X. C. Ma; N. Samarth, M. Xie, Q. K. 
Xue, and M. H. W. Chan, “Interplay between Topological Insulators and Superconductors,” 
Physical Reivew B, 85(4), 045415 (2012). 
 
J. Wang, H. Li, C. Z. Chang, K. He, J. S. Lee, H. Lu, Y. Sun, X. C. Ma, N. Samarth, S. Shen, Q. 
Xue, M. Xie and M. H. W. Chan, “Anomalous Anisotropic Magnetoresistance in Topological 
Insulator Films,” Nano Research, 5(10), 739-746 (2012). 
 
B. Partial Support  
 
N. S. Dellas, C. J. Schuh, and S. E. Mohney, “Silicide Formation in Contacts to Si Nanowires,” 
Journal of Materials Science, 47(17), 6189-6205 (2012). 
 
X. Hong, K. Zou, A. M. DaSilva, C. H. Ahn, and J. Zhu, “Integrating Functional Oxides with 
Graphene,” Solid State Communications, 12(15), 1365-1374 (2012). 
 
H. Yan, Y. Sun, L. He, J. C. Nie, and M. H. W. Chan, “Observation of Landau-level-like 
Quantization at 77 K Along a Strained-induced Graphene Ridge,” Physical Review B, 85(3),  
035422 (2012). 
 
Y. Ou, M. Singh, and J. Wang, “Quantum Transport in Topological Insulator Hybrid Structures-
A Combination of Topological Insulator and Superconductor,” Science China-Physics 
Mechanics and Astronomy, 55(12), 2226-2236 (2012). 
 
C. Shared Facilities 
 
None. 
 
 IRG 4  
A. Primary Support 
 
S. Yun, Z. H. Jiang, Q. Xu, Z. Liu, D. H. Werner, and T. S. Mayer, “Low-Loss Impedance-
Matched Optical Metamaterials with Zero Phase Delay,” ACS Nano, 6(5), 4475-4482 (2012).  
 
Z. H. Jiang, Q. Wu, and D. H. Werner, “Demonstration of Enhanced Broadband Unidirectional 
Electromagnetic Radiation Enabled by a Subwavelength Profile Leaky Anisotropic Zero-index 
Metamaterial Coating,” Physical Review B, 86(12), 125131/1-7 (2012).  
 
Z. H. Jiang, M. D. Gregory, and D. H. Werner, “Broadband High Directivity Multi-Beam 
Emission Through Transformation Optics Enabled Metamaterial Lenses,” IEEE Transactions on 
Antennas and Propagation, 60(11), 5063-5074 (2012).  
 
X. Wang, Q. Wu, J. P. Turpin, and D. H. Werner, “BOR-FDTD for Rigorous Analysis of Three-
dimensional Axisymmetric Transformation Optics Lenses,” Optics Letters, 38(1), 67-69 (2013).  
 



M. Krishnamurthi, J. R. Sparks, R. He, I. A. Temnykh, N. F. Baril, Z. Liu, P. J. A. Sazio, J. V. 
Badding, and V. Gopalan, “Array of Tapered Semiconductor Waveguides in a Fiber for Infrared Image 
Transfer and Magnification,” Optics Express, 20, 4168-4175 (2012). 
 
M. Krishnamurthi, E. Barnes, J. R. Sparks, R. He, N. F. Baril, P. J. A. Sazio, J. V. Badding, and V. 
Gopalan, “A Magnifying Fiber Element with an Array of Sub-wavelength Ge/ZnSe Pixel Waveguides 
for Infrared Imaging,” Applied Physics Letters, 101, 021108 (2012).  
 
R. 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, 6, 174-179 (2012).  
 
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,” Journal of the American Chemical 
Society, 134, 19-22, 2012. 
 
J. R. Sparks, R. He, N. Healy, S. Chaudhuri, T. C. Fitzgibbons, A. C. Peacock, P. J. A. Sazio, and J. V. 
Badding, “Conformal Coating by High Pressure Chemical Deposition for Patterned Microwires of II-VI 
Semiconductors,” Advanced Functional Materials, 23(13), 1647-1654 (2013). 
 
R. He, T. D. Day, M. Krishnamurthi, J. R. Sparks, P. J. A. Sazio, V. Gopalan, and J. V. Badding, 
“Silicon p-i-n Junction Fibers,” Advanced Materials, 25(10), 1460 (2013). 
 
B. Partial Support  
 
B. D. Smith, T. S. Mayer, and C. D. Keating, “Deterministic Assembly of Functional 
Nanostructures Using Nonuniform Electric Fields,” Annual Review of Physical Chemistry, 63, 
241-263 (2012).  
 
Q. Hao, B. Wang, J. A. Bossard, B. Kiraly, Y. Zeng, I-K. Chiang, L. Jensen, D. H. Werner, and 
T. J. Huang, “Surface-enhanced Raman Scattering Study on Graphene-coated Metallic 
Nanostructure Substrates,” Journal of Physical Chemistry C, 116(13), 7249-7254, (2012).  
 
Y. Zeng, and D. Werner, “Two-dimensional Inside-out Eaton Lens: Wave Properties and 
Design Technique,” Optical Express, 20(2), 2335-2345 (2012).  
 
Z. Bayraktar, J. A. Bossard, X. Wang, and D. H. Werner, “A Real-valued Parallel Clonal 
Selection Algorithm and its Application to the Design Optimization of Multi-layered Frequency 
Selective Surfaces,” IEEE Transactions on Antennas and Propagation, 60(4), 1831-1843 (2012).  
 
Q. Wu, J. P. Turpin, and D. H. Werner, “Integrated Photonic Systems Based on Transformation 
Optics Enabled Gradient Index Devices,” Light: Science and Applications, 1, e38 (2012).  
 
M. F. Pantoja, M. G. Bray, D. H. Werner, P. L. Werner and A. R. Bretones, “A 
Computationally Efficient Method for Simulating Metal-Nanowire Dipole Antennas at Infrared 



and Longer Visible Wavelengths,” IEEE Transactions on Nanotechnology, 11(2), 239-246 
(2012). 
 
N. Vukovic, N. Healy, P. Mehta, T. D. Day, P. J. A. Sazio, J. V. Badding, and A. C. Peacock, “Thermal 
Nonlinearity in Silicon Microcylindrical Resonators,” Applied Physics Letters, 100, 181101 (2012). 
 
C. Shared Facilities  
 
None. 
 
EDUCATION/OUTREACH 
A. Primary Support 
 
None. 
 
B. Partial Support 
 
None. 
 
SEED PROJECTS 
A. Primary Support 
 
R. Lu, Q. Li, A. R. Botello-Méndez, T. Hayashi, B. Wang, A. Berkdemir, Q. Hao, A. L. Elías, R. 
Cruz-Silva, H. R. Gutiérrez, Y. A. Kim, H. Muramatsu, J. Zhu, M. Endo, H. Terrones, J.-C. 
Charlier, M. Pan, and M. Terrones, “Nitrogen-doped Graphene: Beyond Single Substitution and 
Enhanced Molecular Sensing,” Nature Scientific Reports, 2, 586 (2012). 
 
N. E. Motl, J. F. Bondi, and R. E. Schaak, “Synthesis of Colloidal Au-Cu2S Heterodimers via 
Chemically Triggered Phase Segregation of AuCu Nanoparticles,” Chemistry of Materials, 24, 
1552-1554 (2012). 
 
H. Terrones, R. T. Lv, M. Terrones, and M. S. Dresselhaus, “The Role of Defects and Doping in 
2D Graphene Sheets and 1D Nanoribbons,” Reports on Progress in Physics, 75, 062501 (2012). 

 
R. T. Lv, and M. Terrones, “Towards New Graphene Materials: Doped Graphene Sheets and 
Nanoribbons,” Materials Letters, 78, 209-218 (2012). 
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Kalissa Andre received her M.S. in Materials Science, August 2012 

Long-Qing Chen, 2012 Class of ASM Fellow 

Ashley DaSilva received Alumni Association Dissertation Award in March 2012. 
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in 2012. 

Jainendra Jain named Evan Pugh Professor in April 2012. 

Zhi Hao Jiang received the Anthony J. Outstanding Research Award in April 2012. 

Theresa Mayer, Distinguished Professor in Electrical Engineering, April 2012. 

Ryan D. Pensack received the Banting Post-doctoral Fellowship Award in 2012. 
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Electric-Field Control of Magnetism

Intrinsic magnetoelectric coupling describes the microscopic interaction between magnetic and 
electric polarization in a single-phase material. The control of the magnetic state of a material with an 
electric field is an enticing prospect for device engineering. MRSEC researchers are collaborators 
have demonstrated giant magnetoelectric cross-field control in a europium titanate film. In bulk form, 
EuTiO3, is antiferromagnetic, but anti- and ferromagnetic interactions coexist between different 
europium neighbors. In thin epitaxial films, strain alters the relative strength of the two interactions. 
Moderate biaxial compression precipitates local magnetic competition, and the application of an 
electric field switches the magnetic ground state from antiferromagnetic to ferromagnetic. Using first-
principles density functional theory, we resolve the underlying microscopic mechanism for G-type 
magnetic order and illustrate how it is responsible for the giant magnetoelectric effect, with great 
promise for future devices that control magnetic states with electric fields.

P.J. Ryan, J.-W. Kim,  P. Thompson, X. Ke, P.S. Normile, E. Karapetrova, J.-H. Lee, P. Schiffer, 
S.D. Brown, T. Birol, C.J. Fennie and D.G. Schlom

!

A collaboration of Penn State, Argonne, Liverpool, Oak Ridge, U. Castilla-La Mancha, and Cornell
PSU DMR-0820404, DOE DE-AC02-06CH11357 and DE-SCOO02334, Nature Commun. DOI: 10.1038/ncomms2329

Left: The response of the Ti atom to E-field is represented pictorially as a 
displacement along the direction of the field distorting the Eu–Ti–Eu third 
NN bond alignment. Right: A series of L-scans through the G-AFM 
scattered (1/2 1/2 5/2) reflection with incrementally increasing electric-
field strength showing the suppressive response of the AFM signature



Thermotropic Phase Boundaries
DMR-0820404 & DMR-0908718:  T. A. Lummen,  E. Barnes,  A, Kumar, L-Q. Chen,  V. Gopalan,  S. Kalinin, M. Holt, in review, 2013

Piezoelectric materials convert electrical to mechanical 
energy.  They are typically lead-based solid-solutions 
with a morphotropic phase boundary, an intermediate 
compositional region separating two distinct phases 
where a new bridging phase with enhanced properties 
arises. MRSEC researchers have shown that even 
simple perovskite ferroelectrics such as BaTiO3 and 
KNbO3 exhibit analogous “thermotropic” phase 
boundaries in wide temperature regions around thermal 
phase transitions. In these regions, new low-symmetry 
bridging phases arise that show up to 400% 
enhancement in nonlinear optical and piezoelectric 
properties. These bulk phases are stabilized by long-
range internal elastic and electric fields arising from a 
network of competing ferroelectric domains. Thus 
controlling the domain microstructure near thermotropic 
phase boundaries provides an alternate pathway for 
stabilizing phases with superior properties in lead-free 
ferroelectrics.

Optical second harmonic generation microscopy reveals a 
new monoclinic phase (sunshine) with enhanced properties 
coexisting with classic tetragonal domains (staircases).



Manipulating Single Cells & Organisms with Acoustic Tweezers
Penn State MRSEC DMR-0820404: X. Ding, S.-C. S. Lin, B. Kiraly, H. Yue, S. Li, J. Shi, S. J. Benkovic, and T. J. Huang 

The ability to non-invasively and dexterously manipulate cells and other microparticles is 
critical for a wide variety of applications in biology, chemistry and medicine. MRSEC 
researchers have developed a novel acoustic manipulation platform – acoustic tweezers – 
which can trap and manipulate single microparticles, cells and entire organisms along 
programmed routes in two dimensions within a microfluidic chip. “PSU” is spelled by moving a 
bovine red blood cell. The organism C. elegans can be manipulated and immobilized. With its 
non-invasiveness, miniaturization and versatility, these acoustic tweezers will become a 
powerful tool for many disciplines of science and engineering.

X. Ding, S.-C. S. Lin, B. Kiraly, H. Yue, S. Li, J. Shi, S. J. Benkovic, and T. J. Huang, PNAS, 109, 11105-11109, (2012)



Biocompatible nanomotors powered by ultrasound: 
magnetic steering and interactions with live cells 

Following the discovery last year (ACS Nano 2012, 6, 6122) of bio-compatible, acoustically 
powered nanorod motors, MRSEC researchers have collaborated with scientists at ESPCI 
(Paris Tech) and NIST to study the interactions of these motors with live cells. Metallic rods 
that incorporate a thin nickel stripe can be steered towards cells in vitro using the weak 
external field of a Nd-Fe-B magnet. Preliminary experiments on live HeLa cells incubated 
with gold nanorods show them being taken up by the cells. Interestingly, the nanorods can 
still be driven by ultrasound while they are inside the cell. This discovery opens exciting new 
possibilities for fundamental research on cellular processes using subcellular and organelle 
“surgery” performed by acoustically powered nanomotors.           

Penn State MRSEC DMR-0820404: Suzanne Ahmed, Wei Wang, Lamar Mair, Luz Angelica Castro, 
Mauricio Hoyos and Thomas E. Mallouk

Top: Optical microscope image of an 
acousticaly powered nanorod motor 

being steered in vitro towards a HeLa 
cancer cell. Right: Electron micrograph of 
a nanorod, and incorporation of nanorod 

acoustic motors into a HeLa cell.
10 μm

HeLa cancer cell

Gold 
nanorod



The resistance of a thin-film topological insulator Bi2Se3 shows an abrupt and prominent 
upturn when the electrodes (In, Al or W) becomes superconducting. In turn, the Bi2Se3 film 
weakens the superconductivity of the electrodes, significantly reducing both their 
transition temperature and the critical field. These results highlight the interplay of the 
Cooper pairs in the electrodes and the spin-polarized current of the surface states in 
Bi2Se3, an emerging material with fundamentally new electron-transport properties.

Interplay between topological Insulator and superconductor
Penn State MRSEC DMR 0820404: J. Wang, C.Z. Chang, H.D. Li, K. He, D.M. Zhang, 
M. Singh, X.C. Ma, N. Samarth, M.H. Xie, Q.K. Xue, M.H.W. Chan

PRB 85, 045415 (2012) 



Superconductivity in Centimeter-Long In-Ga Nanowires

Our knowledge of one-dimensional superconductivity to date is based on studies of nanowires just 
a few microns long. MRSEC researchers have now measured charge transport in an Indium-
Gallium nanowire that is 150 nm across and exceptionally long: 6 millimeters. Protected within a 
hollow glass fiber, the nanowire shows an unusual superconducting transition, with steps at both 
5K and 1.1K (close to Tc of pure Ga). Magneto-resistance shows vertical hysteresis loops, 
suggesting that magnetic fluxons of a single quantum are trapped in droplets of Ga comparable in 
size to the diameter of the wire. These droplets are surrounded and separated from each other by 
longer sections of In-Ga eutectic with higher Tc and Hc. Never before has a single superconducting 
nanowire this narrow been made so long: this new physical regime promises new physics.

D:150nm, L:6mm

Wei-wei Zhao, M. Singh, Jesse Bischof, Thomas FitzGibbons, John Badding, Xin Liu, Jimmy Hutasoit, 
Chaoxing Liu, Jainendra Jain, Moses Chan, John Hayes, Pier Sazio



Integrated photonic systems based on 
transformation optics devices

Using the new tools of metamaterials and transformation optics, MRSEC researchers have 
developed designs for miniaturized optical devices in chip-based optical integrated circuits, 
the analog of the integrated electronic circuits in computers and cell phones. A unified 
theory for designing practical devices on a single platform using transformation optics has 
been developed. These broadband, lossless all-dielectric-based gradient-index devices 
designed include beam collimators, beam splitters, waveguide crossings and waveguide 
couplers. This technique provides a pathway to broadband, low-loss integrated photonic 
systems: circuits for light.

DMR-0820404 Q. Wu, J. P. Turpin, & D. H. Werner, Light: Science & Applications, 2012.



Light-Emitting Triangles for Applications in Optical Technology

DMR-0820404: H. R. Gutierrez, N. Perea-Lopez, A.-L. Elias, A. Berkdemir, B. Wang, Ruitao Lv, F. Lopez-Urias, V. H. Crespi, H. Terrones and M. 
Terrones. Extraordinary Room-Temperature Photoluminescence in Triangular WS2 Monolayers. Nanoletters, dx.doi.org/10.1021/nl3026357 (2013)

For the first time, MRSEC researchers have 
created single layers of a naturally 
occurring rare mineral called tungstenite or 
WS2. The resulting sheets of stacked sulfur 
and tungsten atoms forms honeycomb 
patterns within triangular islands that have 
unusual light-emitting (photoluminescent) 
properties. These triangular structures could 
have many potential applications in optical 
light detection, light-emitting diodes, and 
lasers. MRSEC researchers plan to use this 
chemical-vapor-deposition technology to 
grow innovative monolayers from other 
layered materials, such as molybdenum 
diselenide (MoSe2), niobium diselenide 
(NbS2), tungsten diselenide (WSe2), and 
others. 



Molecular sensing is greatly enhanced by doped Graphene
DMR-0820404:  Ruitao Lv, Qing Li, A. R. Botello-Mendez, T. Hayashi, B. Wang, A. Berkdemir, Q. Hao, A. L. Elias, R. Cruz-Silva, H. R. 
Gutierrez, Y. A. Kim, H. Muramatsu, Jun Zhu, M. Endo, H. Terrones, J.-C. Charlier, M. Pan and M. Terrones. Nitrogen-doped graphene: 
beyond single substitution and enhanced molecular sensing. Scientific Reports, 2, 586 (2012)

 

Graphene is a one-atom-thick 
planar sheet of carbon atoms. By 
incorporating nitrogen atoms into 
graphene, its physico-chemical 
properties could be altered 
depending on the doping 
configuration within the sub-lattices. 
MRSEC researchers developed a 
process to synthesize nitrogen-
doped graphene sheets with specific 
doping structures and used them as 
high-efficiency surface-enhanced 

Raman spectroscopy (SERS) substrate materials for the first time. The interesting structure of as-
obtained nitrogen-doped graphene sheets was atomically characterized and identified by experimental 
and theoretical work. When a nitrogen-doped graphene sheet is used as a substrate, the intensities of all 
the Raman peaks associated to Rhodamine B are remarkably improved and clearly resolved. These 
findings are important for highly selective and sensitive molecular sensing applications.



Engaging Diverse High School Students

The Penn State MRSEC is expanding its efforts to encourage diverse high school students to pursue degrees in 
STEM fields. Working with 70 Upward Bound Math and Science (UBMS) students from low-income and first 
generation college-bound families from underrepresented and underserved populations, MRSEC graduate 
students and faculty, along with Physics/MRSEC REU undergraduates, trained together in teams to prepare a full 
day of science outreach activities at the Central Pennsylvania Festival of the Arts Children and Youth Day. 
MRSEC faculty also hosted four UBMS groups throughout the summer on research projects in their labs. Broader 
recruitment efforts reached a diverse audience of underserved high-achieving students in Science Leadership 
Camp. The MRSEC sponsored eight students in this week-long residential program; MRSEC graduate students 
and faculty participated in multiple camp activities, including the Meet the Scientist Mixer 
and hands-on laboratory activities, informing campers about interdisciplinary 
opportunities in materials science and nanotechnology at Penn State and beyond.



The Penn State MRSEC received an overwhelming positive response to its first annual Women in STEM Mixer. 
This professional networking program connected 71 women and 7 men from a variety of STEM disciplines and 
multiple career stages, including undergraduates, graduate students, post-docs, research staff, faculty and 
industry representatives. After the short feature Setting up for Success: Promoting Yourself and Your Research, 
attendees participated in three randomly assigned small-group discussions, each lead by faculty and industry co-
hosts. All participated in an open networking session and were encouraged to distribute and collect at least 5 
business cards with follow-up contacts. 

•87% would attend the event again in the future (58% very likely)
•92% would recommend this event to a friend (50% highly recommend)
•46% will initiate 2 – 4 follow-up contacts within the next month
•100% felt that is important to bring multiple career levels together in joint 

discussions to help recruit and retain women in STEM (65% extremely important)



Statement of Unobligated Funds for this award is $754,571 



Total Budget 03/01/12 - 02/28/13 FOR NSF USE ONLY
PROPOSAL NO. DURATION (months)

Proposed Granted
ORGANIZATION
Pennsylvania State Univ Univeristy Park AWARD NO.
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR
Vincent Crespi
A. SENIOR PERSONNEL: PI/PD, Co-PI'S, Faculty and Other Senior NSF Funded Funds Non-Federal Total
   (List each separately with title, A.7. show number in brackets) Person-Months Requested Matching Project

CAL  ACAD SUMR From NSF Funds Costs
 1. Vincent Crespi, PI 0.30 $6,946
 2. Moses Chan, Co-PI 0.00
 3.
 4.
 5.
 6. () OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)  
 7. (3) TOTAL SENIOR PERSONNEL(1-6) 0.00 0.00 0.30 6,946
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
 1. (10) POST DOCTORAL ASSOCIATES 143,164
 2. (2) OTHER PROFESSIONALS (Research Associates) 64,939
 3. (10) GRADUATE STUDENTS   80,294
 4. (1) UNDERGRADUATE STUDENTS 1,008
 5. (2) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 66,728
 6. (1) OTHER 43,996
      TOTAL SALARIES AND WAGES (A + B) 407,075
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 82,132
      TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 489,207
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

See budget justification

    TOTAL EQUIPMENT 15,340
E. TRAVEL           1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 10,721
                             2. FOREIGN 500

F. PARTICIPANT SUPPORT
  1. STIPENDS                    8,000$                  
  2. TRAVEL 1,000
  3. SUBSISTENCE              2,800
  4. OTHER                              

-8 TOTAL NUMBER OF PARTICIPANTS 4 TOTAL PARTICIPANT COST 11,800
G. OTHER DIRECT COSTS
  1. MATERIALS AND SUPPLIES 176,474
  2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 5,040
  3. CONSULTANT SERVICES     
  4. COMPUTER SERVICES    
  5. SUBAWARDS 265,600
  6. OTHER     114,054
      TOTAL OTHER DIRECT COSTS 561,168
H. TOTAL DIRECT COSTS (A THROUGH G) $1,088,736
I. INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)

48% of Modified Total Direct Costs  (base 681,942)
25% Admin Allowance on $11,800

   TOTAL INDIRECT COSTS (F&A) 376,693
J. TOTAL DIRECT AND INDIRECTS COSTS (H + I) $1,465,429
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) $1,465,429 $
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 University. 
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, 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.  
 
Alison Noble, Professor of Chemistry from Messiah College. The MRFN fellowship stipend was paid for 
one month, May 2013. Facilities usage paid for research on surface promoted behaviors of liquid 
crystalline thin films on a chemically modified semiconductor substrate.  
 
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 
Domestic 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. 
 



Foreign travel funds will be used for travel by Center personnel (faculty, students, and postdocs) to 
attend and present research papers at international conferences.   
 
G. Subawards 
Changes made to subawards to include discontinued funding to University of Santa Barbara due to the 
PI leaving UCSB; Rice University and UCLA have been discontinued due to changes in project direction, 
future goals, and research plans. UCLA phased out work into year 6 with a request for 15,600 in 
additional funding and. The UCLA subaward has since been 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. 

- 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. 

 
 
 
 



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

ORGANIZATION - The Pennsylvania State University
MRSEC:  Center for Nanoscale Science
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR

PI Name:  Vincent Crespi Research Education

Knowledge 
Transfer to 

Industry and 
Other Sectors Facilities Admn. Total

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 6,946 6,946
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) 6,946 6,946
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)

1 (10) POST DOCTORAL SCHOLARS 98,936 44,228 143,164
2 ( 2) OTHER PROFESSIONALS (research associates) 55,889 8,430 620 64,939
3 (10) GRADUATE STUDENTS 80,294 80,294
4 ( 1) UNDERGRADUATE STUDENTS 1,008 1,008
5 (2) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 66,728 66,728
6 ( 1) OTHER 43,996 43,996

TOTAL SALARIES AND WAGES (A+B) 236,127 96,654 620 73,674 407,075
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 38,557 18,846 48 24,681 82,132

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) 274,684 115,500 668 98,355 489,207

D. EQUIPMENT
TOTAL EQUIPMENT 15,340 15,340

E. TRAVEL 1. DOMESTIC (INCL. CANADA MEXICO AND U.S. 8,652 655 507 907 10,721
                 2. FOREIGN 500 0 500

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 166,355 8,098 2,021 176,474
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 5,040 5,040
3. CONSULTANT SERVICES
4. COMPUTER SERVICES 0
5. SUBAWARDS 215,600 50,000 265,600
6. OTHER (tuition 15,386) (nfab 96,242) 111,628 749 1,677 114,054
TOTAL OTHER DIRECT COSTS 498,623 58,847 3,698 0 561,168

H. TOTAL DIRECT COSTS (A THROUGH G) 797,799 186,802 4,873 99,262 1,088,736
I.

    Base 1a (not including D, F, G5, G6) rate 48%, base 681,942 218,511 59,641 1,534 47,646 327,332
    Base 1b (part or all of G5 and G6, if appropriate) 48%, 98,668 46,196 360 805 47,361
    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 264,707 62,001 2,339 47,646 376,693

J. TOTAL DIRECT AND INDIRECT COSTS (H + I) 1,062,506 248,803 7,212 146,908 1,465,429
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) 1,062,506 248,803 7,212 146,908 1,465,429

M. COST SHARING PROPOSED LEVEL $ 0
Pl/PD NAME
ORG. REP. NAME*



Total Budget 03/01/13 - 02/28/14 FOR NSF USE ONLY
PROPOSAL NO. DURATION (months)

Proposed Granted
ORGANIZATION
Pennsylvania State Univ Univeristy Park AWARD NO.
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR
Vincent Crespi
A. SENIOR PERSONNEL: PI/PD, Co-PI'S, Faculty and Other Senior NSF Funded Funds Non-Federal Total
   (List each separately with title, A.7. show number in brackets) Person-Months Requested Matching Project

CAL  ACAD SUMR From NSF Funds Costs
 1. Vincent Crespi, PI 0.30 $7,160
 2. Moses Chan, Co-PI
 3.
 4.
 5.
 6. () OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)  
 7. (2) TOTAL SENIOR PERSONNEL(1-6) 0.00 0.00 0.30 7,160
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
 1. (5) POST DOCTORAL ASSOCIATES 60.00 161,595
 2. (0) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 41,100
 3. (25) GRADUATE STUDENTS   294,870
 4. (1) UNDERGRADUATE STUDENTS 25,000
 5. (2) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 72,066
 6. (1) OTHER 46,195
      TOTAL SALARIES AND WAGES (A + B) 647,986
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 130,547
      TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 778,533
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) 37,000
                             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 206,951
  2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 8,500
  3. CONSULTANT SERVICES     
  4. COMPUTER SERVICES    
  5. SUBAWARDS 300,000
  6. OTHER     243,300
      TOTAL OTHER DIRECT COSTS 758,751
H. TOTAL DIRECT COSTS (A THROUGH G) $1,652,784
I. INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)

48% of Modified Total Direct Costs (base $1,052,533)
25% Admin Allowance on $16,000

   TOTAL INDIRECT COSTS (F&A) 569,216
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 University. 
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, 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.  
 
Alison Noble, Professor of Chemistry from Messiah College. The MRFN fellowship stipend was paid for 
one month, May 2013. Facilities usage paid for research on surface promoted behaviors of liquid 
crystalline thin films on a chemically modified semiconductor substrate.  
 
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 
Domestic 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. 
 



Foreign travel funds will be used for travel by Center personnel (faculty, students, and postdocs) to 
attend and present research papers at international conferences.   
 
G. Subawards 
Changes made to subawards to include discontinued funding to University of Santa Barbara due to the 
PI leaving UCSB; Rice University and UCLA have been discontinued due to changes in project direction, 
future goals, and research plans. UCLA phased out work into year 6 with a request for 15,600 in 
additional funding and. The UCLA subaward has since been 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. 

- 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. 

 
 
 
 



 

54  
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  8 $19,800  
   4.  () UNDERGRADUATE STUDENTS     
   5.  () SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)     
   6.  () OTHER     
        TOTAL SALARIES AND WAGES (A + B)   $19,800  
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)   $15,576  
     TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)   $35,375  
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 $2,125 $ 
  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) $37,500  

 
 

I.    INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)  
Total Indirect Costs - MTDC @55.5% $11160  
                                        @  56.5%  $11161  
     TOTAL INDIRECT COSTS (F&A) $12,500 $ 
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) $50,000.00  
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 6 

 

54  
SUMMARY PROPOSAL BUDGET  

FOR NSF USE ONLY 

ORGANIZATION 
Cornell University 

PROPOSAL NO. DURATION (MONTHS) 

  Proposed Granted 
PRINCIPAL INVESTIGATOR/PROJECT DIRECTOR 
Craig J. Fennie 

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. Craig J. Fennie – None     PI 0.0 0.0 0.0 $0 $      
   2.                                     
   3.                                
   4.                                
   5.                                
   6.  (   ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)                          
   7.  (1) TOTAL SENIOR PERSONNEL (1-6)                          
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)  
   1.  (1) POSTDOCTORAL ASSOCIATES @38% 4.5         17,265         
   2.  (   ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)                          
   3.  (   ) GRADUATE STUDENTS                   
   4.  (   ) UNDERGRADUATE STUDENTS                   
   5.  (   ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)                   
   6.  (   ) OTHER                   
        TOTAL SALARIES AND WAGES (A + B)     17,265         
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)   36% faculty/staff       6,215         
     TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)     23,480         
D.  EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)  
       
       
                 0 
    TOTAL  EQUIPMENT             
E.  TRAVEL 1.  DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS)    1,500       
 2.  FOREIGN    1,500       
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   1,000       
  2. PUBLICATION/DOCUMENTATION/DISSEMINATION   1,000       
  3. CONSULTANT SERVICES             
  4. COMPUTER SERVICES   2,771       
  5. SUBAWARDS             
  6. OTHER                   
      TOTAL OTHER DIRECT COSTS   4,771       
H.  TOTAL DIRECT COSTS (A THROUGH G) 31,250       
I.    INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)  
Base                   Amount                   Rate  
MTDC                $31,250                   60%          18,750 
     TOTAL INDIRECT COSTS (F&A) 18,750       
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.)          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 AND SIGNATURE* DATE FOR NSF USE ONLY 

Craig J. Fennie 
 

1/24/2012 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 6 

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     14,609         

   4.  (   ) UNDERGRADUATE STUDENTS                   

   5.  (   ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)                   

   6.  (   ) OTHER                   

        TOTAL SALARIES AND WAGES (A + B)     14,609         
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)     3,652         
     TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)     18,261         
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 6,952       
  2. PUBLICATION/DOCUMENTATION/DISSEMINATION             
  3. CONSULTANT SERVICES             
  4. COMPUTER SERVICES             
  5. SUBAWARDS             

  6. OTHER - Tuition 11,047       
      TOTAL OTHER DIRECT COSTS 17,999       
H.  TOTAL DIRECT COSTS (A THROUGH G) 36,260       
I.    INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)  

Rate= 54.5% AND BASE (MTDC) = $25,213  

       

     TOTAL INDIRECT COSTS (F&A) 13,740       
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 

Xiaoqing Pan 
 

1/11/13 
 

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 6 

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 $4,870 $      
   2.                                     
   3.                                
   4.                                
   5.                                
   6.  (   ) OTHERS (LIST INDIVIDUALLY ON BUDGET EXPLANATION PAGE)                          
   7.  (1) TOTAL SENIOR PERSONNEL (1-6)       .25   4,870         
B.  OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)  
   1.  (   ) POSTDOCTORAL ASSOCIATES                          
   2.  (   ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)                          
   3.  (1) GRADUATE STUDENTS     20,867         
   4.  (   ) UNDERGRADUATE STUDENTS                   
   5.  (   ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)                   
   6.  (   ) OTHER                   
        TOTAL SALARIES AND WAGES (A + B)     25,737         
C.  FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS)     4,121         
     TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C)     29,858         
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) 2,400       
 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              
      TOTAL OTHER DIRECT COSTS 0       
H.  TOTAL DIRECT COSTS (A THROUGH G) 32,258       
I.    INDIRECT COSTS (F&A) (SPECIFY RATE AND BASE)  
MTDC 55% * $32,258  
       
     TOTAL INDIRECT COSTS (F&A) 17,742       
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 1

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. Steven L. Snyder
2. Jayatri Das $10,005
3.

( 0 ) TOTAL SENIOR PERSONNEL (1-6) $10,005
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
 1. ( 0 ) POST DOCTORAL ASSOCIATES
 2. ( 0 ) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.)
 3. ( 0 ) GRADUATE STUDENTS
 4. ( 0 ) UNDERGRADUATE STUDENTS
 5. ( 0 ) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY)
 6. ( 0 ) OTHER

TOTAL SALARIES AND WAGES (A+B) $10,005
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) $3,102

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) $13,107
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) $1,500

2. FOREIGN
F. PARTICIPANT SUPPORT COSTS

1. STIPENDS   
2. TRAVEL $14,250
3. SUBSISTENCE $1,500
4. OTHER

( 15 ) TOTAL NUMBER OF PARTICIPANTS $15,750
G. OTHER DIRECT COSTS

1. MATERIALS AND SUPPLIES $10,103
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION
3. CONSULTANT SERVICES
4. COMPUTERS SERVICES
5. SUBAWARDS
6. OTHER

TOTAL OTHER DIRECT COSTS $10,103
H. TOTAL DIRECT COSTS (A THROUGH G) $40,460
 I. INDIRECT COSTS (SPECIFY RATE AND BASE)

Name of indirect cost item Base Rate
Facilities & Administration $24,710 38.6% 9540.4

TOTAL INDIRECT COSTS $9,540
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
ORG. REP. NAME DATE Date Checked Date Rate of Sheet Initials-ORG

   *SIGNATURES REQUIRED ONLY FOR REVISED BUDGET (GPG III.B)   

AWARD NO.
Proposed

Requested By
Proposer

Funds
Granted by

NSF

FOR NSF USE ONLY
DURATION (MONTHS)

NSF Funded Funds

PROPOSAL NO.



Continuation Year 3/1/13 - 2/28/14

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 7,160 7,160
2 co-PI - Moses Chan
3 co-PI 0
4 co-PI 0
5 co-PI 0
6 ( ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE) 0
7 (1 ) TOTAL SENIOR PERSONNEL (1-6) 7,160 7,160

B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1 ( 5) POST DOCTORAL SCHOLARS 116,040 45,555 161,595
2 ( 2) OTHER PROFESSIONALS (research associates & MRFN fellow 39,100 2,000 41,100
3 (25 ) GRADUATE STUDENTS 294,870 294,870
4 (1 ) UNDERGRADUATE STUDENTS 25,000 25,000
5 ( 2) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 72,066 72,066
6 ( 1) OTHER 46,195 46,195

TOTAL SALARIES AND WAGES (A+B) 475,010 91,750 2,000 79,226 647,986
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 76,231 20,863 710 32,743 130,547

TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A+B+C) 551,241 112,613 2,710 111,969 778,533

D. EQUIPMENT
TOTAL EQUIPMENT 40,000 10,000 50,000

E. TRAVEL 1. DOMESTIC (INCL. CANADA MEXICO AND U.S. POSSESSIONS) 19,000 15,000 3,000 37,000
                 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 175,951 28,000 3,000 206,951
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 8,500 8,500
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 250,000 50,000 300,000
6. OTHER (tuition 113,300) & (nfab/MCL 120,000 / 5,000) 238,300 5,000 243,300
TOTAL OTHER DIRECT COSTS 672,751 78,000 8,000 758,751

H. TOTAL DIRECT COSTS (A THROUGH G) 1,282,992 231,613 2,500 20,710 114,969 1,652,784
I. INDIRECT COSTS (SPECIFY RATE AND BASE)

    Base 1a (not including D, F, G5, G6) 48% of  $1,052,533                                                                                                                                           371,396 74,694 1,200 2,741 55,185 505,216

    Base 1b (part or all of G5 and G6, if appropriate) 48% of $125,000 57,600 2,400 60,000
    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 428,996 78,694 1,200 5,141 55,185 569,216

J. TOTAL DIRECT AND INDIRECT COSTS (H + I) 1,711,988 310,307 3,700 25,851 170,154 2,222,000
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) 1,711,988 310,307 3,700 25,851 170,154 2,220,000
M. COST SHARING PROPOSED LEVEL $ 0



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. 

TEMPLATE 
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 - - - - - 
      

Chemical Engineering      
Kyle Bishop - - - - - 
Ali Borhan - - - - - 

Enrique Gomez - - - - - 
Darrell Velegol - - 1.5 1.5 - 

      
Chemistry      

David Allara - - - - - 
John Asbury - - 1.0 1.75 1.09 
John Badding - - 1.0 .50 .5 

Jacqueline Bortianynski - - - - - 
Lasse Jensen - - 2.25 - - 

Thomas Mallouk - - - .50 - 
Scott Phillips - - 1.0 1.0 2.25 
Ayusman Sen - - 1.0 4.6 1.0 

Raymond Schaak - - 1.0 .50 1.0 
Mary Beth Williams - - .50 1.0 - 

      
Electrical Engineering       

Suman Datta - - .25 2 .75 
Thomas Jackson - - - - - 

Zhiwen Liu - - 1.5 - .75 
Theresa Mayer - - .62 1.75 .75 

Srinivas Tadigadapa  - - - - - 
Doug Werner - - - 6.75 1 

      
Civil Engineering      

John Regan - - - .25 3 
      

Eng. Science & Mechanics      
Tony Jun Huang - - - 4.75 - 

      
Materials Science      
Long-Qing Chen - - .32 3 1.8 

Venkatraman Gopalan - - 1 - - 
Roman Engle-Herbert - - - .25 - 

Michael Hickner - - .51 6.23 1.51 
Suzanne Mohney - - 0 1.56 .5 

Joan Redwing - - 1 0 2.2 
Ron Redwing - - - - - 

Susan Trolier-McKinstry     .40 
  



 2 

 
 

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

Funds ($K) 
NSF 

MRSEC 
Other NSF Other Fed. 

Gov. 
Other Non-University 

Dept.      
Physics      

Moses Chan - - 1.0 - - 
Vincent Crespi - - - 1.50 - 

Eric Hudson - - - - - 
Jainendra Jain - - 2.0 - - 

Qi Li - - 1.0 1.0 - 
Nitin Samarth - - 1.0 1.25 - 
Peter Schiffer - - - .74 - 

Mauricio Terrones  - - - - - 
Jorgo Sofo - - - 1.0 - 
Jun Zhu - - 1.51 1.0 - 

Center Support Sub-
Contracts 

     

Jayatri Das 149,910 2.3 5.0 3.0 1.7 
Craig Fennie 120,003 .5 .5 2.5 - 
Kevin Kelly - - - - - 

Xiaoquing Pan 50,000 - 1.0 1.0 - 
Karin Rabe 50,000 - - 2.00 - 

Ramesh Ramamoorthy 50,000 - 2 - - 
Steven Synder - - 6.12 0.9 4.98 

Paul Weiss - - - - - 
      
      
      
      
      
      
      
      
      
      



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    3/1/2012 – 2/28/2013   
 
Designation 
 
 

Total Female  Underrepresented 
minority  

    
Faculty participants(tenure track) 45 8 3 
 - Receiving salary support from MRSEC funds 1 0 0 
Faculty participants(non-tenure track) 4 2 1 
 - Receiving salary support from MRSEC funds 0 0 0 

    
Faculty participants by Department (tenure and 
non-tenure track) 49 10 4 

Physics 12 
 

3 2 
materials science 10 3 1 
Chemistry 11 2 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 2 1 0 

    
Postdocs  10 4 1 

    
Graduate Students (do not include PREM) 62 14 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


 
EDUCATION OUTREACH 

Center: PSU MRSEC                         Current Year Period: 3/1/2012 – 2/28/2013  
 

Designation Number of 
Active 

Participants 

Number funded 
by NSF MRSEC 

   
REU Students total 31 4 
Female 7 2 
underrepresented minority 5 2 

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

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

   
Undergraduate Faculty total 0 0 
Female 0 0 
underrepresented minority 0 0 

* See addendum to Appendix C 

Number of K-
12 students 

receiving 
MRSEC funds 

for stipend 
(not supplies) 

Number of K-12 
students      
Impacted 

Participants 

K-12 Students total 0 127,875* 
Female 0 62,894* 
underrepresented minority 0 > 93* 

   

Breakout of MRSEC Educational Funds 
(do not include supplements) 

 $K 

K-12  127 
MRSEC REU support  39 
Other Undergraduate support  0 
RET support, not supplement  8 
Informal Science  75 
Total Education Outreach (same as Total as 
MRSEC Education Budget column) 

 249 

   
REU and RET Site support (separate NSF 
award) 

 155 

   
REU and RET supplements  0 

 



PSU MRSEC
2012:  K-12 Impact Numbers

K-12 Program  Description
Total 
Numbers

Female*
(* 50-50 for non-
calculated 
programs)

UnderRep 
Minorities
(NA - not available) Notes: 

Hidden Power Museum Kit (#4) 125,000 62,500 NA

250,000 visitors nationwide (adults and children). 
Assumptions: 1 adult per child; half of the children are female
Note:  "NA" - URM data not specifically collected

Exploration Day 300 150* NA
out of ~600 attendees
Assumptions: 1 adult per child; half of the children are female

Arts Fest Science Booths 1200 600* NA count based upon Liquid Nitrogen booth participation

UBMS students at Arts Fest 40 20* 40 MRSEC mentored these students in preparation activities

Science U - All Summer Camp Programs

531 254 49 MRSEC funds that were not specifically utilized for scholarships to 
Leadership Camp were used to support all camp programs this year.

Science U - Leadership only

23Ŧ 11Ŧ 8Ŧ 

MRSEC directly supported this camp via scholarship funds and 
participation in camp activities by faculty and graduate students.
Ŧ Note:  This line is counted in totals shown in row above - for reference 
only.

SEECoS 12 6* 12 four groups of 3 high school students each

Haunted-U (by Science-U) 80 42 NA MRSEC presented content

TailGreat 52 23 NA count based upon activity passports - 1 per child

NanoDays - at Discovery Space museum 9 2 NA MRSEC presented content at scheduled sessions (low turnout)

CCYSB After School Science 60 30* NA MRSEC lead activities in partnership with MCL staff

PFMS STEM Fair 450 225* NA
out of 980 students enrolled  (estimated that ~ half of students visited 
booth) 

Higher Achievment 80 40* NA MRSEC presented content

Expanding Your Horizons 84 84 NA MRSEC facilitated the panel discussion

Totals = 127,875 62,894 93 Note:  URM number is realistically higher. 



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: Penn State MRSEC  
     
 Current Year Proposed Year 
Reporting Period 0 0 
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: Penn State 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 9 9 
University 1,162 1,209 
International 0 0 
Other 0 0 

   
Total Cost Contributions 1,171 1,218 
 

 
 

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.  Only count 

those publications that reference MRSEC support. 
 

TEMPLATE 

 

OUTPUT 

Center: Penn State MRSEC              Current Year Period:  3/1/12 – 2/28/13 
 

Designation Number 
Current 
Year 

Cumulative 
Totals for 
this Award 

Publications from IRGs and Seeds   

Primary Publications that acknowledge MRSEC Support 41 112 

Partial Publications that acknowledge MRSEC Support  41 118 

Number of Primary and Partial Publications that 
acknowledge MRSEC Support co-authored by 2 or 
more Center faculty level participants 

 
 

32 

 
 

112 

Shared Facilities 10 14 

   

Patents    

Awarded  1 4 

Pending  0 0 

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 6 22 0 7 

National Labs  0 1 4 6 0 1 

Industry 0 0 4 17 0 1 

Non-science 0 0 0 1 0 0 

No data/no job 0 1 2 10 0 1 

Total 0 2 16 56 0 10 

       

Women 0 2 5 17 0 5 

URM (All) * 0 0 0 0 0 5 

URM (US) * 0 0 1 1 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         
Collaborations - see Item 3. in the Guidelines. 
 

TEMPLATE 
 

COLLABORATIONS 
 
Center: Penn State MRSEC         Current Year Period : 3/1/12 – 2/28/13  
 
 
 
Designation Numbers 
Collaborators (in addition to Center participants) 
Academic Institutions 19 
Academic collaborators  26 

  
National Labs 5 
National Lab collaborators 5 

  
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 4 
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 2 
Academic collaborators 2 
  
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 1 234 16 380 17 
IRG 2 234 16 380 17 
IRG 3 236 16 380 17 
IRG 4 234 16 380 17 
Total all IRGs 938 64 1520 68 
Seeds and Emerging Areas 125 8 190 9 
Total Research (IRG’s + Seed’s) 1063 72 1710 77 
Education Activities and Human 
Resources  249 17 310 14 

Knowledge Transfer (industry and others) 0 0 4 1 
Shared Experimental and Computational 
Facilities 7 1 26 1 

MRSEC Administration 147 10 170 7 
     

Total 1466 100 2220 100 
     

Shared facilities equipment 0 0 10 1 
Other equipment 0 0 0 0 
Total equipment 0 0 10 0 

     
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: Penn State MRSEC                  Current Year Period  3/1/12 – 2/28/13 
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 $K $K $K $K 
IRG 1 234 0 252 486 
IRG 2 243 0 252 486 
IRG 3 236 0 252 488 
IRG 4 234 0 250 484 
Total all IRGs 938 0 1006 1944 
Seeds and Emerging Areas 125 0 95 220 
Total Research (IRGs + Seeds) 1063 0 1101 2164 
Education Activities and Human 
Resources Shared  249 0 52 301 

Knowledge Transfer (industry and others) 0 0 0 0 
Shared Experimental and Computational 
Facilities 7 0 0 7 

MRSEC Administration 147 0 18 165 
     

Total 1466 0 1171 2637 
     

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

     
SEF Technical staff supported by Center 0 0 0 0 



APPENDIX I – cont. 
TEMPLATE 

 
Partnering Institutions 

(with examples shown) 
 

   Center: Penn State MRSEC                                                                        Current Year Period    3/1/12 – 2/28/13  
 

 
                          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 
  

 
     

 Rutgers University X        
 

 UC Berkeley  X        

 UC Los Angeles X X       

 University of Puerto Rico X  X      

Total Number Academic 
Partners 6 6 1 

 
1 

     
 

          
II.  Non-academic Partnering 
Institutions Franklin Institute  X        

Total Number Non-academic  
Partners 1 

 
1 

 
 

      

Total Number of academic and non-
academic partners 7 

        

 



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

started 
(mm/yy) 

Date 
ended 
(mm/yy) 
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Defect Engineering of 2-D Sheets of Layered Materials  09/11 Present          
Nanostructured Phase Change Building Blocks for Optical 
Metamaterials 09/10 10/11 X         
New Roto Symmetries and Properties in Complex Oxides 09/10 10/11 X         
Spin Polarization Control in Graphene 09/10 10/11 X         
Charge Transfer Complex Organic Photovoltaics 09/10 09/11 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 
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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      * 
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Date 
ended 
(mm/yy) 

In
te

gr
at

e 
in

to
 

IR
G

 

N
uc

le
at

e 
ne

w
 

IR
G

 

B
rin

g 
ne

w
 fa

cu
lty

 
in

to
 th

e 
ce

nt
er

   

O
th

er
 (S

pe
ci

fy
) 

T
ra

ns
fo

rm
at

iv
e 

Sc
ie

nc
e?

 

In
te

gr
at

ed
 in

to
 

IR
G

 

N
uc

le
at

ed
 n

ew
 

IR
G

 

A
ttr

ac
te

d 
ex

te
rn

al
 

fu
nd

s 

O
th

er
 (S

pe
ci

fy
) 

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   38 4 35 0 25 16 2 17 7 

 
 
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 

E x H December 2012 IRG 4 – Metamaterial Analysis and 
Design Codes  

2 State College, PA 
18603 

www.exhengineering.com  

Ascent Bio-Nano 
Technologies 
Inc. 

2012 IRG 2 – Powered Motion on the 
Nanoscale 

2 State College, PA 
16801 

http://ascentbionano.com  

      
 

http://www.exhengineering.com/
http://ascentbionano.com/
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