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LETTER FROM THE
DIRECTOR

This is the YR 2012 newsletter describing UC San Di e g o

Materials Science & Engineering (MSE) Program, and | hope
you enjoy reading about education and research activities
in our program.

The MSE Program at UC San Diego is a university-wide,
highly interdisciplinary program with more than 85
participating UCSD faculty members. The professors and
students in our program come from various divisions of
UCSD, including the Jacobs School of Engineering
(Departments of Electrical and Computer Engineering,
Mechanical and Aerospace Engineering, Structural
Engineering, Bioengineering, Nanoengineering), Division of
Physical Sciences (Department of Physics, Department of
Chemistry & Biochemistry), Division of Biological Sciences,
the School of Medicine, and the School of Pharmacy.

Our MSE faculty members are mostly outstanding in their
research and education career, with the faculty now
including 8 National Academy of Engineering, 5 National
Academy of Sciences, 3 Institute of Medicine members, and
the prestigious National Medal of Science Awards in recent
years to Prof. Shu Chien and Prof. Marye Anne Fox who are
also our MSE members. Having such an excellent quality of
faculty, combined with one of the highest per faculty
research grants in the nation, provides a stimulating
environment for our graduate students working toward their
MS and PhD degrees. The total nhumber of our graduate
students in Materials Science and Engineering is now over
~130. U C S D dMsiterials Science & Engineering (MSE) is
ranked 14" among all Materials Science doctoral programs
in the United States by the prestigious National Research
Council (NRC) data-based assessment. | am always proud
of our faculty and graduate students in the MSE program
for their enthusiasm toward high quality education and
research. With future newsletters, we will continue to share
the latest information on academic, research, and career
progress of our faculty, students, postdocs, and alumni
from our MSE Program.
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(Left) Schematic of possible surface instability modes of Ge shell on Si core nanowires,
and (Right) TEM microstructural confirmation of such an actirrelated Ge dot array

Feeling stressed?
Get Organized!

When you pound a drum, its surface
strain propagates and resonates through the
membrane in a regular tonal pattern giving the
distinctive and beautiful drum sound. By using
such correlated and propagated strain in
nanomaterials, Professor Jie Xiang in the ECE
department and MSE student Soonshin Kwon
have recently reported for the first time self-
organization of periodic nanocrystals on the
surface of a cylindrical nanowire. They used a
single crystal Si nanowire as substrate and tried
to grow Ge, another semiconductor, epitaxially
on the Si surface. A Ge island formed on one
side creates tensile strain within the Si
immediately under it due to the larger lattice
mismatch of Ge compare to Si (+ signs). This in
turn leads to compressive strain in Si at the
bottom side (i signs), much in the same way as
the convex and concave surfaces of a bent
pipe. As a consequence further Ge deposition
at the bottom side will occur which tends to
avoid the compressively strained (i) surfaces
while preferentially growth occurs at the tensile
strained

(+) region, resulting in an anti-correlated zig-
zag organization of Ge dots on Si surface in
order to reduce the total elastic energy of the
system. They found several different modes
of Ge island ordering on the Si nanowire
backbone depending on the core diameter.
Moreover, simply heating up a uniform Ge
shell layer converts it to discrete Ge island
arrays. The impact of this finding is twofold:
not only does it prove that strain engineering
in nanomaterials can provide a unique
driving force towards self-organization of
periodic nanostructures, but perhaps more
profoundly, the periodic stress underlying
each QD and the resulting modulation of
electro-optical properties inside the nanowire
backbone promise to provide a new
nanostressor-superlattice platform for novel
mechanoelectronic, thermoelectronic, and
optoelectronic devices.

The researchers involved in this project
include Prof. Jie Xiang of ECE Department,
Soonshin Kwon, Zack Chen and Jihun Kim.
Soonshin Kwon is a PhD student in the MSE

program. (see the published article, A Mi s f i

Guided Self-Organization of Anti-correlated

Ge Quantum Dot Arrays on SiNanowi 1Se s ¢

Kwon, Z.C.Y.Chen, J. Kim and J. Xiang, Nano
Letters, 12, 4757-4762, 2012.)



UC San Diego Team

Succeeds in New Phosphor
Synthesisfor Near UV -
Emitting LEDs

The results of our US Department of
Energy project No. EE0002003 was
selected by our DOE Program
Manager for inclusion in the DOE
report summarizing Solid State
Lighting Program for Fiscal Year 2012.

Graduate students Jinkyu Han and
Jae |k Choi under the guidance of
Professors Joanna McKittrick and Jan
Talbot are working toward developing
blue, red and green-emitting
phosphors with high quantum
efficiency (QE) exceeding 95 percent
in response to excitation in the
spectral region of 380-400 nm. Most
LEDs used for general illumination
today are blue LEDs, converted to

white light using phosphors. UC S D

novel approach is to develop
phosphors for a near ultra violet (UV)
LED instead of a blue LED, because
near UV LEDs have fewer binning and
current droop issues. Also, the near
UV LEDs would rely completely on
the phosphors for the generation of
the white light, which would give
better control of light quality and color
temperature. The UC San Diego
team, together with their partner
OSRAM Sylvania, has made excellent
progress, with the QE reaching 88
percent for blue phosphor, 90 percent
for green/yellow, 90 percent for
orange, and 90 percent for red.
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Schematic solid state lighting,
actual device parts, and a plot of
phosphor performance for various
new phosphor compound materials.
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Perfluoropentane Gas and Liquid Filled Hollow Silica Micro/Nano
Spheres for Ultrasound Guided Surgery and HIFU Therapy
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Longevityand Biodistribution of Locallyinjected Perfluoropentanevapor filled 500nm hollow Fe-Si®2 Nanoshellsn Py8119Breast
tumor bearing Nu/Nu Mice. 500 nm FeSi® nanoshellswere injected directly into the tumor and imaged by color Doppler
ultrasound. A) Imagingimmediately after injection. B) Imagine 24 hours post injection. C) Imaging 72 hours post injection. D)
Imaging 120 hours post injection. Nanoshellswere also radiolabeled with In-111-DTPAand imaged by ‘ -scintillography after
intratumoral injection. E) Imaging immediately after injection. F) Imagine 1 hours post injection. G) Imaging 24 hours post
injection. H) Imaging72 hourspostinjection. 1) ScanninglectronMicroscopyof nanoshells J) TEMof nanoshells

The reported positive margin rate from wire localized
excisions of breast cancers is approximately 20-50%;
however, by pre-operatively injecting a radio active
seed into the tumor under CT guidance, the
excision rate is halved because the surgeon can
constantly reorient the dissection to place the seed
in the center of the specimen. Unfortunately,
radioactive seed localization has several safety
challenges, only single foci can be localized, and
incisions are required to implant the seeds, so it is
rarely employed. As a safe alternative, gas-filled
hollow Fe-doped silica particles have been
developed, which can be used for ultrasound-
guided surgery even for multiple foci. The function
of the Fe doping is to render the silica shells
biodegradable. The particles are synthesized
through a sol-gel method on a polystyrene
template, and subsequently calcined to create
hollow, rigid microspheres.

The Fe-doped silica shell is derived from
tetramethoxy orthosilicate (TMOS) and iron (lll)
ethoxide, which forms a rigid, mesoporous shell
upon calcination. The microshells are filled with
perfluoropentane (PFP) vapor or liquid. The
flourous phase is contained within the porous shell
due to its extremely low solubility in water.
Considerable testing of particle functionality, signal
persistence and acoustical properties have been
performed in various phantoms including
ultrasound gel, chicken breast, and excised human
mastectomy tissue. In vitro studies of these have

shown that continuous particle imaging time is up
to approximately 45 minutes, and will persist for
over five days. Furthermore, preliminary in vivo
particle injection longevity studies have been
performed in a rabbit model which are consistent
with in vitro data showing signal presence even
five days post injection. Theses silica spheres
may be used as a sensitizing agent in high
intensity focused ultrasound (HIFU). Traditional
ultrasound agents pose several potential
drawbacks such as poor in vivo persistence
(minutes) and high risk (cardiac complications)
during continuous perfusion. Preliminary in vitro
results in HIFU ablation in an agar tissue
phantom model suggest that very few particles
are needed in order to develop a sensitizing
effect to HIFU (approx.. 1-10 um/ml particles/agar
varying by particle size). A novel technique has
been developed to fill the particles with
perfluorocarbon liquid which vaporizes upon
exposure to HIFU thereby increasing the
sensitivity compared to gas filled particles.

Contributors to this research article include Alexander
Liberman?, H. Paul Martinez?, Zhe Wu3, Christopher
Barback®, Sarah L. Blair*, Yuko Kono® Robert F
Mattrey3, William C Trogler?, Andrew C. Kummel® (1.
Materials Science and Engineering Program, 2.
Department of Chemistry and Biochemistry, 3.
Department of Radiology, and 4. Moores Cancer
Center, UC San Diego).
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Nanostructured Coating for
Solar Energy

Schematicof the spectral selective coating (SSCYor concentrating
solar power system (a) Concentratedsunlight is efficiently absorbed
by the SSQayer on a stainlesssteel tube to raise the temperature of
the heat transfer fluid (HTF)to 400 ¢ 700°C (b) SSClayer with

nanoparticlesembeddedin a dielectric matrix. The performanceand
durability of the SSassignificantimpact on the efficiencyand cost
of the whole CSRsystems

A team of materials researchers at UCSD is developing a new low-
cost and scalable process for fabricating spectrally selective coatings
(SSCs) to be used in solar absorbers for high-temperature concentrating
solar power (CSP) systems. The project is part of the US Department of
Energy Sunshot CSP Research and Development program, aiming to
achieve the grid-parity for solar energy by 2020. The SSC layer is a
critical component that maximizes solar thermal energy absorption to
enable high-temperature and higher-efficiency operation of CSP
systems. The research team is working to demonstrate a bandgap
adjusted semiconductor nanoparticle-based coating that can achieve
high solar absorptance and low infrared emittance, leading to high
thermal conversion efficiencies and increased temperature ranges for
heat-transfer fluids. This research employs the novel use of surface-
protected semiconductor nanoparticles, which are fabricated by a
highly scalable particle synthesis method with desired size
distributions. By engineering the material properties and morphologies
of the nanoparticle coating, the fabricated SSCs simultaneously possess
the metrics of high performance, low cost, and high-temperature
durability.

The research team undertaking this effort includes Materials
Science graduate students Jaeyun Moon, Taekyung Kim, Bryan
VanSaders, Danyong Lu, and Professors Renkun Chen, Sungho Jin,
and Zhaowei Liu.



