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WestVirginiaUniversity.

Interfacial Studies of Magnetoelectric Heterostruct ure

Main faculty supervisor
Mikel Holcomb(Physics)

Goals of the project

1) Optical alignment of second harmonic generat®iHG) and non-linear and linear
Magneto optical Kerr effect (MOKE).

2) Structural characterization of the magnetoeilesample by analyzing the data obtained
from SHG and MOKE.

3) Determine the interfacial magnetic and elegirimperties of the heterostructure using
magnetic SHG.

Project description

The Holcomb lab at West Virginia University is ookthe leaders in interface imaging and
characterization. An interface is the resultingelagandwiched between two different materials. The
quality of the interface can highly affect the peages of the whole system. The Holcomb group is
studying how to take advantage of these interfaaffalcts to understand the basic physics thatleald
to a new generation of devices. Our current fosustiidying magnetoelectric coupling at the intexfac
of magnetic and ferroelectric material. MagnetogiedME) coupling—induced magnetization (or
electric polarization) upon application of an ertdrelectric (or magnetic) field—has the potental
revolutionize development of diverse applicatiosach as sensitive detection of magnetic fields,
advanced logic devices and tunable microwave d$ilt&xll known single material MEs hinder the
progress of the current research & technology thieréak ME coupling. By combining more than one
material, however, a greater magnitude of ME cogptiould be achieved at the interface(s) between
these materials. Relatively little is known abowwhinterfacial effects (such as strain, interface
thickness and roughness) influence the extent ofd@ilipling and other properties of the interface. In
order to carry out this study, a powerful experitaktechnique that characterizes both magnetic and
electric properties simultaneously at the interfiscatal. So far, magnetic SHG is known to be Ilest
and cost-reducing method to probe the interface detdrmine the ME coupling in magnetoelectric
materials. The ME coupling is investigated by segcdifferent material combinations of magnetic
and ferroelectrics and further varying the thiclesssof both magnetic and ferroelectric materials.

Experimental/theoretical methods

» Ultrafast nonlinear optics (second harmonic gatien)
* Linear optics (Magneto optical Kerr effect)

* LabView programming for data acquisition

Location of the project
Hodges Hall, Physics Departmefprimary location)

Key references for further reading
Chu YH, Martin LW,Holcomb MBet. al, “Electric Field Control of Ferromagnetism Usiag
Magnetoelectric Multiferroic, Nature Material§ (6), 478 (2008).

Holcomb Group Website: community.wvu.edu/~mbh039
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Synthesis and Characterization of Nanoparticles for
Magneto-Optical Applications

Main faculty supervisor

Mohindar S. Seehr@Physics)

Goals of the project

1. Synthesis of magnetic nanoparticles of differem¢siusing hydrothermal technique

2. Analysis of chemical phases, particle sizes arairstremploying x-ray diffraction.

3. Measurements of magnetic and optical properties.

Project description

Photoluminescent nanoparticles are being investibain connection with their
applications in bio-imaging, optoelectronics, phaitaics and solid-state lighting. Nanoparticles
of YVO, doped with rare earth ions (EuSnt*, Dy**, Tb**andTn?") are of interest since these
ions are likely to produce red, orange, yellow,egremission lines respectively in their photo-
luminescence spectra. However, synthesis of natiolear of different sizes with narrow size
distribution is a major challenge. In this projeeydrothermal technique employing controlled
temperature and pressure using an autoclave is tséd to produce such particles by varying
the synthesis conditions. Use of x-ray diffracttordetermine the chemical phases formed, their
grain size and strain is the next essential stdyetimllowed by transmission electron microscopy
for size distribution. Other techniques such asRFaihd magnetometry can then be employed to
determine their structural/magnetic properties. i€t studies are to be carried out in
collaboration with Prof. Alan Bristow, Department Bhysics. Student will work with one
specific material say P YVO, to produce green light.

Experimental/theoretical skills that participant wi Il acquire

Participant will learn to synthesize the nanopleticcharacterize their structural properties using
x-ray diffraction and FTIR spectroscopy, test thalroto-luminescent response, and learn the
energy level diagram to interpret the data.

Location of the project
Department of Physics, Hodges Hall, rooms B-061BBt16, B-17 and B-31.

Key references for further reading
N.B.Mc Dowell et al, T.Appl.phys.107, 09B327 (2010)

K.Riwotzki and M.Haase, J.Phys.Chem.B102, 10129§).9
X.Wu et al, J.Phys.Chem.B110, 15791 (2006).

J.Wang et al, Mater.Chem.Phys.125, 82 (2011).
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WestVirginiaUniversity.

Developing Microfluidic Channel Networks in Collage n for
Microvascular Applications

Main faculty supervisor
Yuxin Liu(Computer Science and Electrical Engineering)

Goals of the project
Microfabricated microfluidic channels in polymer
Create channel networks in collagen gel
Form endothelial cell (EC) monolayer inside of th@nnels

Project description

In vitro reconstruction of a human capillary network irealistic tissue, which can model
the complex tissue physiological microenvironmanvivo, is desired for having potentials to
significant impact broad areas, such as replacesrfentfull animal models in basic biological
studies, pharmacological and toxicological screesel wound healing assays, promising
vitro angiogenesis models, and replacement tissuedificat applications. The generation of
such tissues requires tools to control the bioklgichemical and mechanical environment
experienced by cells in culturBlethods to form microvascular tubes in vitro gefigreely on
the self-organization of endothelial cells (ECsy,themselves or with mesenchymal cells, in
biological gels such as type | collagen or Matrigéiese cultures have successfully modeled
several microvascular behaviors, however, they atoeasily combine lumenal flow with a 3D
tubular organization. Thus, it remaining challenge for engineering tissue teeh@ntinuous
vessels which hold barrier functions and long-teascular stability. We are working @reating
anin vitro perfused, functional and matured microvessel ndtwalture model to allow the investigation
of physiological and pathological processes in mdmu tissue under conditions that are well contdolle
and approximate vivo.

Experimental/theoretical methods

«  Working in Cleanroom and get hand on experiencenmnofabrication including
photolithography and soft lithography.

* Introduction to microfluidic system operation dadbrication

»  Get training on the basic techniques for celtunél and microvascular biology

Location of the project

Engineering Science Building B26, WVU Evansdale fiiesm
Cleanroom Shared Facilities

Key references for further reading
Andrew P. Golden and Joe Tien, Lab Chip, 2007 20-725.

Manuela Martins-Green, Qi-Jing Li, and Min Yao, TR&SEB Journal, 2005, 19, 222-224.
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WestVirginiaUniversity. <633

Nanoscale Mapping of Morphological, Mechanical, and
Chemical Properties of Biological Surfaces

Main faculty supervisor
Justin Legleite(Department of Chemistry, Primary supervisor)

Goals of the project

1) Prepare stable lipid bilayer systems with pleeggrated raft domains by altering the lipid
composition of these systems.

2) Measure mechanical properties of these systathsnanoscale spatial resolution using
scanning probe acceleration microscopy and fortenve imaging.

Project description

As physical entities, the 6 g
structural and physical properties ¢ E |§
living cells and their distinct -2iEsR
subcellular regions and componen

100 per

(such as organelles and membrane .~ RS S%
enable them to function properly an ‘:20 2, §
withstand mechanical and chemic
stresses to their physiological
environment. It has been demonstrated that manyodical processes (i.e. growth,
differentiation, migration, and apoptosis) can uenced by changes in cellular mechanical
properties and structural integrity. In fact, maigeases are associated with deviations in
structural and mechanical properties of cells. &hsy therefore, aritical needto understand
the fundamental relationships between structurecham@cal, and chemical properties of
biological systems with nanoscale spatial resohutithe REU participant wilguantitatively
and temporally measure chemically induced mechhrmibanges of purified lipid bilayer
systems with nanoscale spatial resolution.

JVe
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Experimental/theoretical methods

*  Scanning probe microscopy techniques includiognat force microscopy and scanning
probe acceleration microscopy.

» Lipid handling, physics, and self-assembly.

*  Modeling via Simulink and MatLab

Location of the project
Chemistry Research Laboratory (CRL), Departmer@lemistry, WVU Main Campus

Key reference for further reading

Legleiter, J., M. Park, B. Cusick, & T. Kowalewskicanning probe acceleration microscopy
(SPAM) in fluids: mapping mechanical propertiesoffaces at the nanoscdkeoc. Nat. Acad.
Sci. USA(2006) 103, 4813-4818.
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Nanophotonics: Design, Fabrication, and Characteriz  ation of
Photonic Crystals

Main faculty supervisors and other involved faculty

Jeremy DawsofElectrical Engineering/Physics) (Advisor Lgrry Hornak(Electrical
Engineering) (Advisor 2)Andrew CadElectrical Engineering), andimitris Korakakis
(Electrical Engineering)

Goals of the project (for up to 2 students for the summer)

1. Model & design 1-D and 2-D photonic crystal struet

2. Implement fabrication processes for photonic chyfstanation

3. Integrate photonic crystals with microfluidic sttuies for analyte delivery
4. Develop testing apparatus and experimental proesdur

5. Characterize the geometry and optical charactesisti the structure

Project description

Photonic crystals are exciting new structures nawahizing the way we build devices to control
the motion of light. Photonic crystals are destys&ructures that can control the propagationgsftlin
ways not possible in naturally formed materialse Will use state of the art computer aided desigist
to design photonic crystals containing speciallgigieed defects capable of guiding and storing lafht
specific wavelengths. These structures will bedus® building blocks to assemble integrated chipile
systems able to optically detect chemical and bickl agents, improve the efficiency of LED-based
lighting, and many other applications. We will idgsand fabricate photonic crystals in silicon,ligah
nitride, and other materials using nanofabricatemhnologies.

Experimental/theoretical skills that participants w il acquire

. Introduction to optical simulation tools for photomrystal functional modeling and design

. Use of electron-beam lithography for photonic cygiatterning

. Understanding of integrated fabrication techniquiss; of clean room and basic processing for
photonic crystal fabrication

. Introduction to microfluidic system operation ardbffication

. Understanding and use of Scanning Electron Micnes¢8EM) and Atomic Force Microscope
(AFM) for imaging the photonic crystal structune thhe micrometer and nanometer scales

. Knowledge of optical engineering and optical chadzation of photonic crystals

Location of the project

Home/office locationElectrical Engineering, WVU Evansdale Campus

Optical modeling, design, and characterizati@iectrical Engineering

E-beam writing:Physics; Imaging: Engineering and Physicdsticrofluidic integration:
Chemistry

Key reference for further reading

J.M. Dawson, J.R. Nightingale, R.P. Tompkins, Sld#adi, T.H. Myers, A. Timperman, D. Korakakis,
X. Cao, and L.A. Hornak, “Design and Character@anf Optofluidic Photonic Crystal Structures fbet
Detection of Fluorescent-Labeled BiomoleculdsCS Trans 13 (22), p. 27 (2008).

http://wvnano.wvu.edu 6 2011 WVNano NSF REU



WestVirginiaUniversity.

Controlling Autonomous Nanoscale Motors

Main faculty supervisors and other involved faculty
R. Lloyd Carroll(Department of Chemistry)

Goals of the project (for the summer)

1. Prepare steerable bimetallic Janus particles

2. Image and capture the motion of Janus particlesruadange of experimental conditions
3. Characterize the motion of Janus particles comp@areaodel systems

4. Demonstrate controlled, directed motion of aotoous Janus particles

Project description

Devices and systems based on the autonomous maifo
asymmetric nanoscale objects in a fluid enviromdmve
tremendous potential but are still in the very yastages of
development. In this work, students will prepargnasetrically-
coated Janus particles (similar to those at rigist)catalytically &
powered autonomous motors. When placed in a salutib a
chemical fuel, these particles undergo spontan@ooion which
can be observed by tracking the motion of the glagiwith respect
to time. By varying the structure and compositainthe Janus
particle, specific behaviors and controls can be-grogrammed
into the autonomous patrticles.

Experimental/theoretical skills that participants w il acquire

Introduction to optical and microscopic analysisht@ques

Use of electron-beam deposition for fabricatiomanoscale systems
Use of scanning electron microscopy for materiatsysis
Introduction to colloidal and magnetic phenomena

Mathematical analysis of motion and correlatgsteams

Designing and constructing control systems

Location of the project

Home/office location550 CRL, Chemistry, Downtown Campus
Microscopy facility Hodges B-07, Physics, Downtown Campus
Cleanroom Engineering Research Building, Evansdale Campus

Key reference for further reading

H. Ke, S. Ye, R. L. Carroll, K. Showalter, “Moticknalysis of Self-Propelled Pt-Silica Particles
in Hydrogen Peroxide SolutionsThe Journal of Physical Chemistry 201Q 114 (17), 5462-
5467.
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WestVirginiaUniversity.

Nano Enzyme Systems: Development of an Artificial
Liver for Modeling Protein-Protein Interactions

Main faculty supervisor and collaborating faculty:
Peter Gannet{Basic Pharmaceutical Sciences, Primary supelyiBawvid Lederman
(Physics)Nick Wu(Mechanical and Aerospace engineering)

Goals of the project

1) Prepare gold substrate coated silicon chipsiargljccession, attach a self-assembled
monolayer to which selected P450 enzymes (CYRZCGRYP3A4) are bonded.

2) Determine if the metabolic activity of the filB450 enzyme in the presence of the second

and vice versa.

Project description

We are developing an artificial liver and have et selected P450 enzymes (the major
liver enzyme) to gold substrates in a way thatrésalting construct yields metabolic results
similar to the in vivo behavior. A refinement teetsystem will be to create arrays of gold and
gold-platinum dots on silicon so that different ymes can be attached by using different
attachment chemistries. However, as construatiotinese arrays is very difficult, a ‘poor-
mans’ version will be explore. This method will bemprised of one bonded enzyme and the
secondi introduced in solution. To this end, gobdted silicon chips will be prepared, a self-
assembled monolayer (SAM) attached, a P450 wibdoedled to the SAM and enzyme activity
assessed by measurement of the rate of metabofigmown substrates using HPLC. This
will be followed by exposure of this system to &@ed P450, different from the first, with
sampling of the chips at the intermediate stepdetermine if the activity of the first P450 is
compromised. This setup will be reversed to deiteenf metabolism is affected regardless of
which enzyme is bonded and which is free in sotutioDifferences are expected due to
different states of aggregation, which will be detmed by surface plasmon resonance (SPR).

Experimental/theoretical methods
- P450 enzymes and the role they play in drug meishol
- Gold substrate coated silicon by DC evaporation
- Self-assembled monolayer production and enzymehattant methodologies
- Mass spectrometry and High performance liquid cltatmgraphy methods
- Surface Plasmon Resonance

Location of the project
Health Sciences Centéprimary location)
WVNano Shared Facilitig€Gold substrate on Silicon preparation)

Key reference for further reading

Yang, M., Kabulski, J.L., Wollenberg, L., Chen, Xracy, T.S., Gannett, P.M., Wu, N.N.
“Electrocatalytic Drug Metabolism by Cytochrome B4bnzyme Bonded to a Self-assembled
Monolayer Modified Electrode”, (2009) Drug Metabisposition 37:892-899.
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WestVirginiaUniversity.

Integrating Quantum Dots with Organic Materials for
Efficient and Stable Light Emission

Main faculty supervisor and collaborating faculty
Xian-An (Andrew) CagComputer Science and Electrical Engineering)

Goals of the project
Synthesize and characterize 11-VI core/shell QDs
Optimize surface treatment of QDs to improve quanyield and energy transfer
Grow, fabricate, and characterize QD/organic hyh&@s

Project description

Colloidal semiconductor Quantum Dots (QDs) have ynanique properties including
high quantum efficiency, broad continuous absorptisharp size-tunable photoluminescence,
and high photo- and chemical stability, and arerdfoge very appealing to optoelectronic
applications. Hybrid QD-organic LEDs combine théocqurity and durability of QDs with the
flexibility and low processing costs of organic erals. These superior properties render them
promising emitters for next-generation full-colasmlays and solid-state lighting applications.
This work aims to develop high-efficiency and higthiability hybrid LEDs based on CdSe/ZnS
core/shell QDs incorporated in small-molecule orgdayers. CdSe/ZnS core/shell QDs are
synthesized using air-stable reagents via suceedsi layer adsorption and reaction, and
incorporated into organic LED structures via spoating or contact printing. Several critical
factors affecting the LED performance have beentifled, including organic layer roughness,
QD coverage, QD surface modification, and processnvironment control. These LED
performance factors are the focus of our curresgaech effort.

Experimental/theoretical methods

* QD synthesis via the hot-injection technique

* QD transfer by spin coating or contact printing

» LED fabrication through physical vapor deposition

Location of the project

Engineering Research Building, WVU Evansdale Campus
Cleanroom Shared Facilities

Key references for further reading
Z. Tan, et alNano lett.7, 3803 (2007).

P. O. Anikeeva, et aNano Lett.9, 2532 (2009).

http://wvnano.wvu.edu 9 2011 WVNano NSF REU



Fabrication and Characterization of Functionalized Field -
effect Transistors for Biosensing Applications

Main faculty supervisor and collaborating faculty
David LedermarfPhysics)

Goals of the project
Fabricate biosensolmsed on field effect transis (FET) that are sensitive to speci
analystes

Project description

In this project the REU student participi
will work with graduate students and faculty fr
biology, physics, basic pharmaceutical scien
and chemical engineering to fabricate biosen
based on a field effect transis{6ET) architecture
that are sensitive to specific analytes. Usil
platformdeveloped by the Lederman groug
make single-electron transistqfagure 1, the
student will help mount singleralled carbor
nanotubes and grow ZnO thin films betw |
metallic electrical contacts. A doped Si cry:
with a SiQ insulating barrier wi be used as the
back gate electrode for the SWCN or ZnO F
device. Small strands of DNA, called aptam

which are designed to bind to specific chemic
will be attached to the SWCNAr ZnO. When the analyte attaches to the FEE|éstrical
conduc¢ance will change, thus indicag the presence of the analyte.

Experimental/theoretical methods
Device fabrication usinghmtolithographyand electron-beam lithography
Growthof ZnO films using sputterir
Making electricactharacterization of FE's
Atomic force and scanning electron microsc

Location of the project
Engineering Research Building, WVU Evansdale Cal
Cleanroom Shared Facilitiesnd Hodges Hall (Physic

Key reference for further reading

http://wvnano.wvu.edu 10 2011WVNano NSF REl
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Multilayered Multiferroic Nanostructures

Main faculty supervisor and collaborating faculty
David LedermarfPhysics)

Goals of the project
Grow and characterize oxide multiferroic materfalsuse as novel magnetoelectric devices

Project description
The REU student will assist in the growth and cbi@ndzation of oxide multiferroic materials.
Multiferroics materials are both magnetic and feleatric. This means that a magnetic field can
be used to control the dielectric properties, amd a
electric field can be used to control the magneti
properties. This property can lead to novel
magnetoelectric devices that have additional
functionalities and are power efficient. In our
approach, we will study the properties of
YMnO3/YInO3; multilayers grown via molecular

beam epitaxy. Each layer will be on the order g $-. /&
1 nm thick. The samples will be characterized i| 1% ( 2 #
situ using electron diffraction, and their magneti 3 #

and dielectric properties will be measured as a
function of temperature. Sample data obtained
from a single YInQ@ film are shown in Figure 2.

Experimental/theoretical methods
Carry out thin film growth using molecular beamtagy
Use x-ray diffraction and atomic force microscqpy¥M) structural characterization
Use advanced electronic instrumentation at roonpé&gature for electronic
characterization
Lean to use cryogenic equipment for electronicatiarization at low temperature

Location of the project
Engineering Research Building, WVU Evansdale Campus
Cleanroom Shared Facilities, and Hodges Hall (Pbgki

Key reference for further reading

http://wvnano.wvu.edu 11 2011 WVNano NSF REU
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Nanomaterials to Diagnhose Disease

Main faculty supervisor
Lisa Holland(Department of Chemistry, Primary supervisor)

Goals of the project

1) Fabricate microfluidic chips

2) Integrate biomimetic surface

3) Characterize the performance with simulatedadirsamples

Project description

New diagnostic tests are key to cutting-edge heedtre, but the higher cost of new and better
clinical assays limits the use of new technologhealth care facilities in cities. Health carevpders in
rural areas cannot offer expensive cutting-edgénelogies. Disposable, portable, and inexpensive
devices are one means to bring diagnostic techpdiogural areas. We use microfluidic devices to
guantify biological markers of disease. Thesegywl plastic devices serve as point-of-care labgra
tests. Biological lipids that self-assemble tonfonanoscale architecture that includes nanomeigk th
disks and ribbons that undergo impressive fieldi®dl change in flow resistance. This field-trigger
change in flow resistance can be applied exterrially microfluidic chip to steer fluids within tledip.
The use of these smart materials decreases thelexdtpmand cost of the chip and is the basis fon-no
mechanically directing fluid flow within microfluid devices, which can ultimately be used for paifit-
care testing for many diseases. The REU studeiit emgage in microfluidic fabrication, fluid
characterization, biotechnology protocol, chemidafivatization, and capillary electrophoresis. Bot
custom-built and automated instrumentation willused to characterize the physical properties adfethe
materials as non-mechanical valves. The methodesdts will be documented through publication and
directed towards the digital library archive, whidow holds operating procedures, instrumentation
guides and four learning modules on capillary etgtioresis. The student will learn analytical figgiof
merit, chemical properties of matter, and micrafics.

Experimental/theoretical methods
*  Microfluidic fabrication, masking, etching, bondj, and chip-to-world connections
* Preparation of biological liquid crystals, prateionjugation, and activity characterization

Location of the project
Chemistry Research Laboratory (CRL), Departmer@logmistry, WVU Main Campus

Key references for further reading

S.A. Archer-Hartmanri,.M. Sargent, D. Lowry, L.A. HollandMicroscale Exoglycosidase Processing
and Lectin Capture of Glycans with Phospholipidigtesl Capillary Electrophoresis Separations”
Analytical Chemistry83(7), pp. 2740-2047, 2011.

R Luo, S Archer-Hartmann, LA Holland, “Transformal@apillary Electrophoresis for Oligosaccharides
Separation Using Phospholipid Additiveghalytical Chemistry82, pp. 1228-1233 2010.

TJ Pappas, LA Holland, Fluid Steering in a Micrdadia Chip by Means of Thermally Responsive
PhospholipidsSensors and Actuators B: Chemici28, pp. 427-434, 2008.
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Metal Oxide Nanotube/Nanowire Photocatalysts for So  lar
Energy Utilization and Environmental Remediation

Main faculty supervisor and other involved faculty
Nick Wu(Materials Science Group at Dept. of AerospaceMadhanical Engineering)

Goals of the project (for the summer)
Synthesize and characterize nanowires and nanotubes

Project description

We are developing photocatalysts and photoelectroatal cells for

solar energy utilization and environmental remediat Currently, the

primary energy source is supplied by fossil fu€l€, emission from the
combustion of fossil fuels is primarily responsilide the “green house”

effect. It is essential to increase the energy ewsign/utilization
efficiency and to reduce the pollutant emissionpofver generation.
Photocatalysts and photoelectrochemical cells arerging as potential

CO, capture technologies. Photocatalytic conversiorC@t not only

removes CQ@ from effluent gases but it also converts Cto
marketable commodity such as methane, methanofcandildehyde. In

addition, photoelectrochemical cells are used todpce H. By
harnessing solar energy, the, lgeneration process is less energﬁ'—‘ig.lTEM image oftitanate
consuming than the conventional methods. Alsg, déneration by nanotube:
photoelectrochemical cells will significantly reducthe release of
pollutants to the ecological system.

Experimental/theoretical skills that participant wi Il acquire
Participant will learn to fabricate titania nanoegr characterize their structure using electron
microscopy and X-ray photoelectron spectroscopyS)XRnd test the photocatalytic activities.

Location of the project
Engineering Sciences Building (ESB), WVU EvansGalapus

Key references for further reading
Meng et al, Review and recent developments in mabéabytic water-splitting using TiO2 for
hydrogen productiorRenewable and Sustainable Energy Reviéwg2007) 401-425.

J. Wang*, D. Tafen, J. P. Lewis, Z. Hong, A. Mamman, M. Zhi*, M. Li*, N.Q. Wu, Origin of
photocatalytic activity of nitrogen-doped Ti@anobeltsJournal of American Chemical
Society 131 (2009), 12290-12297.

H. J. Snaith and L. Schmidt-Mende, Advances in ideftiectrolyte and Solid-State Dye-
Sensitized Solar Cellgdv. Mater.2007, 19, 3187-3200.
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