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Dr. Xia is the Brock Family Chair and Georgia Research
Alliance (GRA) Eminent Scholar in Nanomedicine in The
Wallace H. Coulter Department of Biomedical Engineering_
at Georgia Institute_of Technology, with joint appointments
in School of Chemistry and Biochemistry, and School of
Chemical and Biomolecular Engineering.

Dr. Xia received his Ph.D. degree in physical chemistry from Harvard University (with Professor
George M. Whitesides) in 1996, his M.S. degree in inorganic chemistry from University of
Pennsylvania (with the late Professor Alan G. MacDiarmid, a Nobel Laureate in Chemistry, 2000)
in 1993, and his B.S. degree in chemical physics from the University of Science and Technology of
China (USTC) in 1987. He came to the United States of America in 1991.

Dr. Xia has received a number of prestigious awards, including ACS Award in the Chemistry of
Materials (2013), Fred Kavli Distinguished Lecture on Nanoscience at the MRS Spring Meeting
(2013), AIMBE Fellow (2011), MRS Fellow (2009 ), NIH Director's Pioneer Award (2006), ACS Leo
Hendrik Baekeland Award (2005), Camille Dreyfus Teacher Scholar (2002), David and Lucile
Packard Fellowship in Science and Engineering (2000), Alfred P. Sloan Research Fellow (2000), NSF
Early Career Development Award (2000), ACS Victor K. LaMer Award (1999), and Camille and
Henry Dreyfus New Faculty Award (1997).

Dr. Xia has been an Associate Editor of Nano Letters since 2002, and has served or is serving on
the Advisory Boards of Particle & Particle Systems Characterization (2013-), Angewandte Chemie
International Edition (2011-), Advanced Healthcare Materials (2011-, inaugural chairman of the
advisory board), Accounts of Chemical Research (2010-), Cancer Nanotechnology (2010-),
Chemistry: An Asian Journal (2010-), Journal of Biomedical Optics (2010-), Nano Research (2009-),
Science of Advanced Materials (2009-), Nano Today (2006-), Chemistry of Materials (2005-2007),
Langmuir (2005-2010, 2013-2015), International Journal of Nanoscience (2004-), International
Journal of Nanotechnology (2004-), and Advanced Functional Materials (2001-). He has also
served as a Guest Editor of special issues for Advanced Materials (six times), Advanced Functional
Materials (one time), MRS Bulletin (one time), and Accounts of Chemical Research (one time).

Shape-Controlled Synthesis of Colloidal Metal Nanocrystals

The ability to control the shape of metal nanocrystals is central to advances in many
areas of modern science and technology, including catalysis, plasmonics, electronics,
and medicine. Although the first documented synthesis of metal nanocrystals can be
traced back to the work by Michael Faraday more than 150 years ago on gold colloids,
only within the last decade has it become possible to control the shape of metal
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nanocrystals. Interestingly, the chemical reactions involved in the synthesis of metal
nanocrystals are often very simple, and most of them can be easily found in
textbooks. However, controlling the assembly of metal atoms into nanocrystals with
specific shapes is still in an early stage as it often involves nucleation and growth
steps that are still too complicated to be fully understood and controlled. In this
lecture, | will use silver as an example to discuss recent progress in understanding the
formation of metal nanocrystals with a specific shape. It has been discovered that the
shape of silver nanocrystals are dictated by both the crystallinity and shape of
nanocrystallite seeds, which are, in turn, controlled by factors such as reduction rate,
oxidative etching, and surface capping. The same mechanism also works for other
systems including gold, palladium, and platinum. The success of these syntheses has
enabled us to tailor the electronic, plasmonic, catalytic, and surface properties of
metal nanocrystals for a range of applications in photonics, sensing, imaging,
medicine, catalysis, and fuel cell technology.

Electrospun Nanofibers for Biomedical Applications

Electrospinning has been exploited for almost one century to process polymers into
nanofibers with tunable and controllable compositions, diameters, porosities, and
porous structures for a variety of applications. Owing to the small feature size, high
porosity, and large surface area, a nonwoven mat of electrospun fibers can serve as
an ideal scaffold to mimic the extra cellular matrix (ECM) for cell attachment and
nutrient transportation. The fibers themselves can also be functionalized through
encapsulation or attachment of bioactive species such as ECM proteins, enzymes,
and growth factors. In addition, the fibers can be further assembled into a variety of
arrays or hierarchical structures by manipulating their alignment, stacking, or folding.
All these attributes make electrospinning a powerful tool for generating
nanostructured materials for a broad range of biomedical applications that include
controlled release, drug delivery, and tissue engineering. In this lecture, | will discuss
how the conventional setup for electrospinning can be modified to control the
composition, structure and alignment of nanofibers. Specifically, | will focus on the
use of aligned nanofibers to control the differentiation of embryonic stem cells into
different types of neural lineages and to guide the outgrowth of neurites for
peripheral nerve repair. | will also discuss how nanofiber scaffolds can be designed
for injury repair at the insertion site between tendon and bone, and as substitutes for
dura mater in brain surgery.
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Biography

Professor, B. A. Chemistry, University of Science and
Technology in China (1993); Ph. D. Chemistry, Harvard
University (1997); Postdoctoral Fellow, University of
California, Santa Barbara (1997-1999); Camille and Henry Dreyfus New Faculty Award (1999); 3M
Untenured Faculty Award (2000). Research Innovation Award (2001); Alfred P. Sloan Fellow
(2001); NSF CAREER Award (2001); Hellman Family Faculty Award (2001); ACS ExxonMobil Solid
State Chemistry Award (2001); Beckman Young Investigator Award (2002). MIT Tech. Review TR
100 (2003); ChevronTexaco Chair in Chemistry, Berkeley (2003); First Chairperson for American
Chemical Society, Nanoscience subdivision (2003); Camille Dreyfus Teacher-Scholar Award (2004);
Dupont Young Professor Award (2004), Julius Springer Prize for Applied Physics (2004), MRS
Outstanding Young Investigator Award (2004), ACS Pure Chemistry Award (2005), University of
Wisconsin McElvain Lectureship (2006), Chinese Academy of Science Molecular Science Forum
Lectureship (2006), NSF A. T. Waterman Award (2007), Scientific American 50 Award (2008).

Nanowire Technology and Terawatt Challenge

Semiconductor nanowires, by definition, typically have cross-sectional dimensions that can be
tuned from 2-200 nm, with lengths spanning from hundreds of nanometers to millimeters. After
more than a decade of research, nanowires can now be synthesized and assembled with specific
compositions, heterojunctions and architectures. This has led to a host of nanowire photonic and
electronic devices. Because of their unique structural, chemical and physical properties, these
nanoscopic one-dimensional nanostructures can also play a significant role in terawatt energy
conversion and storage. Currently the amount of energy required worldwide is on the scale of
terawatts, and the percentage of renewable energy in the current energy portfolio is quite limited.
Developing of cost-effective clean technology becomes imperative. | will show two examples from
my group, approaching this problem in two different directions. The first relates to saving energy,
by developing nanostructured silicon thermoelectrics to do waste heat recovery; and the second,
to develop nanostructures for solar energy conversion, either directly to electricity or to liquid
fuels through artificial photosynthesis.

We have discovered that the thermal conductivity of the silicon nanowires can be significantly
reduced due to phonon scattering, pointing to a very promising approach to design better
thermoelectrical materials. It is important to note that the engines that generate most of the
world’s power typically operate at only 30—40 per cent efficiency, releasing roughly 15 terawatts
of heat to the environment. If this “wasted heat” could be recycled, the impact globally would
be enormous. This silicon nanowire thermoelectric work should have a significant impact in
alternative energy generation.

Semiconductor nanowires also represent an important class of nanostructure building block for
photovoltaics as well as direct solar-to-fuel application because of their high surface area, tunable
bandgap and efficient charge transport and collection. Direct solar energy conversion to storable
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fuels such as hydrogen offers a promising route toward less reliance on fossil fuels.
Photoelectrolysis of water to generate H, on a semiconductor/electrolyte interface has the
attractive advantages of clean processing and energy savings over steam reforming of natural gas.
One of the most critical issues in solar water splitting is the development of a photoanode with
high efficiency and long-term durability in an aqueous environment. | will highlight several recent
examples in this lab using semiconductor nanowires and their heterostructures for the purpose of
solar energy harvesting.

Nanowire Photonics & Single Cell Endoscopy

Semiconductor nanowires, by definition, typically have cross-sectional dimensions that can be
tuned from 2—200 nm, with lengths spanning from hundreds of nanometres to millimetres. These
subwavelength structures represent a new class of semiconductor materials for investigating light
generation, propagation, detection, amplification and modulation.? After more than a decade of
research, nanowires can now be synthesized and assembled with specific compositions,
heterojunctions and architectures. This has led to a host of nanowire photonic devices including
photodetectors, chemical and gas sensors, waveguides,3'4 LEDs, microcavity Iasers,5 solar cells
and nonlinear optical converters.® A fully integrated photonic platform using nanowire building
blocks promises advanced functionalities at dimensions compatible with on-chip technologies. In
a recent effort, we have shown that an optical nanoprobe, where a dielectric nanowire is coupled
to a tapered optical fiber, can guide and confine visible light into the intracellular region.” The
nanoprobe allowed us to deliver payloads into the cell with high spatiotemporal precision,
illuminate intracellular compartments and detect optical signal from the subcellular regions with
high resolution. The intracellular insertion and illumination of the nanoprobe did not induce any
significant cytotoxicity. Like the endoscope used in medicine that can directly look and examine
the interior of the human body, this minimally-invasive optical nanoprobe could become a
powerful tool for nanoscale payload delivery, imaging, and probing in single living cells.

single Cell Endoscopy

Local Sensing
Spot pelivery

'R Yan, D. Gargas, P. Yang, Nature Photonics, 3, 569, 2009.

2 R Yan, P. Pausauskie, J. Huang, P. Yang, Proc. Natl. Acad. Sci. USA, 106, 21045, 2009.

M. Law, D. Sirbuly, J. Johnson, J. Goldberger, R. Saykally, P. Yang, Science, 305, 1269, 2004.

D. J. Sirbuly, M. Law, P. Pauzauskie, H. Yan, A. V. Maslov, K. Knudsen, R. J. Saykally, P. Yang,
Proc. Nat. Acad. Sci., 102, 7800, 2005.

> M. Huang, S. Mao, H. Feick, H. Yan, Y. Wu, H. Kind, E. Weber, R. Russo, P. Yang, Science, 292,
1897, 2001.

ey. Nakayama, P. J. Pauzauskie, A. Radenovic, R. M. Onorato, R. J. Saykally, J. Liphardt, P. Yang,
Nature, 447, 1098, 2007.

’R. Yan, J. Park, Y. Choi, C. Heo, S. Yang,L. P.Lee, P. Yang, Nature Nano. 7,191, 2012.
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Catalysis is of vital importance in our society and constitutes a cornerstone of life
from biological processes to large-scale production of bulk chemicals.
Nanotechnology will be an essential driver for catalysis innovation. It makes many

chemical reactions more economically and environmentally favorable or actually

possible at all.
Uncatalyzed reaction path -
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1. WML 24534 A H, FerbNlm R ERIRARTT, R)GALHFLAAETEZ) 10 2058, Bk
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L HAMK X AT B
1. PHIBRX: FREXIEITE Gk b gl 21/K21 7] Bk,
2. BEWKX: FRKEXIENTH (i E) Al 89/K89 n] Hik.
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