Experimental Projects

1. Formation and properties of nanostructures by liquid
state spinodal decomposition (MPhil or PhD)
(Prof. Kui, H.W., Room 308, ®2609 6368,
E-mail: hwkui@phy.cuhk.edu.hk)

Recently, we discovered that nanostructures can be
prepared by a spinodal decomposition method that takes place
in the liquid state. These novel nanostructures have three
important features: (i) absence of pores; (ii) uniform grain
size; and (iii) bulk in size. Interestingly, they are
exceptionally strong, in sharp contrast to nanostructures
prepared by other methods. Students will work mainly in two
areas. First, we like to search for more novel nanostructures.
Second, we like to determine their physical properties. [Up to
three students may be admitted.]

Reference :

HW. Kui, "Formation of bulk nanostructured alloys",
Encyclopedia of Nanoscience and Nanotechnology, Edited by
. H.S. Nalwa, Volume 3, pp. 485-495 (2004).

2. Electronic structure study of nanostructured hetero-
junctions in solar cell materials (MPhil orPhD)
(Prof. Li, Q., Room 310, ®2609 6323,
E-mail: liquan@phy.cuhk.edu.hk)

Solar energy conversion based on the photovoltaic effect
is one of the most viable choices to meet the increasing
energy demand in the near fiture. Among various forms of solar
energy conversion devices, nanostructured semiconductor
architectures, which normally consist of two basic units — the
light harvesting material and the electrode, serve as one of the
most promising categories. In general, the energy conversion
efficiency of the device is limited by two factors, i.e., (1) carrier
production; and (2) carrier (electrons and holes) separation and
transport. By manipulating the electronic structure of the materials
based on quantum mechanical principles, one can achieve high
carrier generation efficiency (e.g. via multiple exciton generation
effect realized in the light harvesting materials) and effective
carrier separation (e.g. by satisfying specific band alignment at the
interface of the light harvesting unit and the electrode material). In
this project, we will investigate the electronic structure at the
interface between the light harvesting material and the electrode,
possibly with nanometer scale resolution, and identify the underlying
physics that determines the carrier separation mechanisms.

References :

1. PV. Kamat, "Meeting the clean energy demand:
Nanostructure architectures for solar energy conversion”,
Journal of Physical Chemistry C, 111, pp. 2834-2860 (2007).

2. A. Luque, A. Marti, and A.J. Nozik, "Solar cells based
on quantum dots: Multiple exciton generation and
intermediate bands", Materials Research Society Bulletin
32, pp. 236-241 (2007).

3. P.V. Kamat, "Native and surface modified semiconductor
nanoclusters”, Progress in Inorganic Chemistry 44,
pp. 273-343, John Wiley & Sons, Inc. (1997).

4. Y. Zhang, LW. Wang, and A. Mascarenhas, "Quantum
coaxial cables for solar energy harvesting”, Nano Letters 7,
pp. 1264-1269 (2007).

3. Nanoparticulate systems for cancer therapeutics (PhD)
(Prof. Li, Q., Room 310, #2609 6323)

With the recent development of nanotechnology, it is now
possible to utilize various nanoparticulate systems in many innovative
ways for medical applications such as drug delivery, with improved
drug efficiency and reduced side effects. In this project, we are
interested in developing functionalized nanoparticulate systems for
cancer therapies. The specific magnetic/optical/electrical properties
of nanoparticles not only provide novel means for tumor cell
recognition, target delivery and effective treatment, but also make
them effective biomarkers for tracing the drug delivery process,
serving as feed-back massagers for identifying the mechanisms of
drug uptake, functioning, and metabolism at the molecular and
cellular level. Design and synthesis of nanostructured particles with
controllable size and desired physical properties, functionalization
of the particle surface, identification of the interaction between
nanoparticles and cancer cells, as well as investigating the
physiologic impact of nanoparticles to normal and cancer cells such
as apoptosis and mutagenesis, will be the main focus of this project.
Through integrated physical property measurements and biological
evaluation of the nanoparticles, we will find out their delivery and
functioning mechanisms in human cells, and also evaluate the
efficacy of these nano-medicines. [One student may be admitted. ]

Reference :

S. Nie, Y. Xing, G.J. Kim, and J.W. Simons, "Nanotechnology
applications in cancer", Annual Review of Biomedicial
Engineering 9, pp. 257-288 (2007).

4. Single molecules studies (MPhil or PhD)
(Prof. Ong, D.H.C., Room G10, 82609 6324,
E-mail: hcong@phy.cuhk.edu.hk)

Single molecules techniques such as confocal scanning
optical microscopy will be applied to study the optical
properties of semiconductor quantum dots and molecular dyes
in the presence of near field created by plasmonic or photonic
crystals. Appropriate modeling based on finite-difference-
time-domain method will be used. The method will eventually
be extended to biological materials. [Up to two students may
be admitted.]

Reference :

F.D. Stefani, K. Vasilev, N. Bocchio, N. Stoyanova, and M. Kreiter,
"Surface-plasmon-mediated single-molecule fluorescence
through a thin metallic film", Physical Review Letters 94, pp.
023005(1-4) (2005).

5. Topics in plasmonics (MPhil or PhD)
(Prof. Ong, D.H.C., Room G10, ®2609 6324)

Recently, surface plasmon polaritons (SPPs) arising from
metal/dielectric interface have evolved into a new research area
in bio- and nano-techologies. Not only that they have been used
for making chemical and biological sensors, SPPs are being
proposed as a new medium to deliver light signal at the length
scale beyond diffraction limit. Several unexpected phenomena



including extraordinary transmission, superlensing, waveguiding,
etc., have been observed from the world. “Plasmonic” is coined
on this subject after the eras of “Photonics™ and “Electronics™.
In this project, we will investigate the effects of SPP on the light
emission of semiconductors and phosphors by using a variety of
near field optical spectroscopic techniques. In particular, special
attention will be paid on the interactions between semiconductor
and individual metal nanoparticles and/or clusters. Theoretical
calculation based on finite-difference-time-domain method will
be used. [Up to two students may be admitted.]

References :

1. AV. Zayats, 11 Smolyaninov, and A.A. Maradudin,
"Nano-optics of surface plasmon polaritons”, Physics
Reports 408, pp. 131-314 (2005).

2. CW. Lai, J. An, and H.C. Ong, "Surface-plasmon-
mediated emission from metal-capped ZnO thin films",
Applied Physics Letters 86, pp. 251105(1-3) (2005).

6. Plasmonics of gold nanostructures (MPhil or PhD)
(Prof. Wang, J.F., Room G9, ®3163 4167,
E-mail: jfwang@phy.cuhk.edu.hk)

Noble metal nanostructures exhibit rich localized surface
plasmon resonance properties, and are therefore potentially
useful in many areas, including optics, optoelectronics,
photocatalysis, energy harvesting, and nanobiotechnology. In
this project, we will develop nanoparticle-based reactions to
modify the shape of gold nanostructures, discover chemical
and physical methods to assemble and organize gold
nanostructures both on the single particle level and on the
macroscopic level, and integrate gold nanostructures with
other optical and optoelectronic devices. Our goals are to (1)
understand the fundamental properties of localized surface
plasmon resonances and their interactions with each other and
with molecular resonances, fluorescence, absorption, Raman,
etc.; (2) use surface plasmon resonance-enhanced absorption,
scattering, and local electric field to enhance the efficiencies
of photocatalysis and solar energy harvesting and conversion;
(3) fabricate ultrasensitive devices for chemical and biological
sensing. Please see http://www.phy.cuhk.edu.hk/~jfwang/ for
more information. [One student may be admitted.]

7. Scanning tunneling microscopy studies of surface
quantum diffusion (PhD)
(Prof. Wang, K.D., N8 Lab., ®2603 7961,
E-mail: kdwang@phy.cuhk.edu.hk)

Observation and understanding of surface diffusion
phenomenon in the past largely depend on the development of
techniques. = Among the techniques, scanning tunneling
microscopy (STM) is advantageous in directly providing the
atomistic mechanisms of diffusion but was severely limited to
slow diffusion rates (<10Hz). Thus, processes in quantum
diffusion of light atoms with fast diffusion rates were
inaccessible by the STM technique in the past. Recently, we
had established a new STM-based method that can expand the
range by at least 3 orders of magnitude faster (~10000Hz).
This leads to significant overlaps in measurable diffusion rates
with other techniques while retaining the atomic resolution.
Using this new technique, we are studying the fast quantum
diffusion of hydrogen atoms on metal surfaces. [One student
may be admitted.]

References :

1. Kedong Wang, Chun Zhang, MM.T. Loy, and Xudong
Xiao, "Time-dependent tunneling spectroscopy for
studying surface diffusion confined in nanostructures”.
Physical Review Letters 94, pp. 036103(1-4) (2005).

2. R Gomer, "Diffusion of adsorbates on metal surfaces”.
Reports on Progress in Physics 53, pp. 917-1002 (1990).

8. Topics in nonlinear optics (MPhil or PhD)
(Prof. Wong, K.Y., Room 345, ®2609 6161,
E-mail: kywong@phy.cuhk.edu.hk)

Nonlinear optics is important to the development of
photonic technologies. Students interested in this field are
expected to work on one of the ongoing experiments in our
group. These experiments include: nonlinear optical properties
of doped polymers using poling induced optical second
harmonic generation, nonlinear optics of thin polymer films,
and hyper-Rayleigh scattering in organic liquids. [One or two
students may be admitted.]

References :

1. CW. To and KY. Wong, "Comparative studies of
molecular reorientations in thermal-assisted and photo-
assisted electric-field poled nonlinear optical polymers”,
Journal of Applied Physics 100, pp. 073505(1-6) (2006).

2. J Chen and KY Wong "Study of intermolecular
interactions in liquid nitrobenzene by depolarized hyper-
Rayleigh scattering”, Journal of Chemical Physics 122,
pp. 174505(1-5) (2005).

9. Organic electronic and optoelectronic devices based
on polymeric materials (MPhil or PhD)
(Prof. Wong, K.Y., Room 345, ®2609 6161)

Organic electronic and optoelectronic devices are
important technologies of the future. Polymeric materials
have shown great promises in flat-panel display and
photovoltaic technologies. In this project we will study the
basic mechanisms that affect the operations and performances
of the devices, and investigate new device concepts. This
project is multi-disciplinary in nature, which will involve
polymer physics and chemistry, surface and interface sciences,
and optical physics. [One or two students may be admitted.]

References :

1. XJ Wang, W.M. Lau, and K.Y. Wong, "Display device
with dual emissive and reflective modes", Applied Physics
Letters 87, pp. 113502(1-3) (2005).

2. XY Deng KY. Wong, Y.Q. Mo, “Three-color polymeric
light-emitting devices using selective photo-oxidation of
multilayered conjugated polymers”, Applied Physics
Letters 90, pp. 063505(1-3) (2007).



10. Topics in polymer and colloidal physics (PhD)
(Prof. Wu, C., Room 239, #2609 6106,
E-mail: chiwu@cuhk.edu.hk)

Using a combination of synthetic chemistry, polymer
physics and molecular biology, we design and execute
decisive experiments to answer important physical questions
of polymers, colloids and biology, including 1) development
of non-viral vectors for molecular medicines; 2) nucleation
of neuron-degenerative dieases related protein aggregation;
3) design, synthesis and assembly of functional macromolecules;
4) dynamics and structures of polymer solutions and gel networks;
5) molecular characteristic properties of intractable and special
polymers. [One student may be admitted.]

References :

1. C. Wu and X H. Wang, "Globule-to-coil transition of a
single homopolymer chain in solution”, Physical Review
Letters 80, pp. 4092-4094 (1998).

2. T.J. Hu and C. Wu, "Clustering induced collapse of a
polymer brush”, Physical Review Letters 83, pp. 4105-
4107 (1999).

3. G.Z Zhang and C. Wu, "The reentrant coil-to-globule-to-
coil transition of a single linear homopolymer chain in a
water/methanol mixture”, Physical Review Letters 86,
pp. 822-825 (2001).

4. GZ Zhang F.M. Winnik, and C. Wy, "Structure of a collapsed
polymer chain with stickers: A single- or multiflower?”,
Physical Review Letters 90, pp. 035506(1-4) (2003).

5. F. Jin and C. Wu, "Observation of the first-order
transition in ultrafiltration of flexible linear polymer
chains", Physical Review Letters 96, pp. 237801(1-4) (2006).

11. Experimental studies of convective turbulence (MPhil
or PhD)
(Prof. Xia, K.Q., Room 309, ®2609 6102,
E-mail: kxia@phy.cuhk.edu.hk)

Our turbulence research program consists of both
experimental investigations and statistical and numerical
analyses of the experimental data. Students interested in
pursuing either MPhil or PhD degrees may be admitted to
study topics such as the dynamics, structures and statistical
properties of the temperature and velocity fields, and the
mechanism of turbulent heat transport in convective thermal
turbulence. [One or two students may be admitted.]

References :

1. Q. Zhou, H.-D. Xi, S.-Q. Zhou, C. Sun, and K.-Q. Xia,
"Oscillations of the large-scale circulation in turbulent
Rayleigh-Bénard convection: the sloshing mode and its
relationship with the torsional mode”, Journal of Fluid
Mechanics 630, pp. 367-390 (2009).

2. H-D. Xi,S-Q Zhou, Q. Zhou, T-S. Chan and K-Q. Xia,
"Origin of the temperature oscillation in turbulent thermal
convection”, Physical Review Letters 102, pp. 044503(1-4) (2009).

3. Q. Zhou and K-Q. Xia, "Comparative experimental study of
local mixing of active and passive scalars in turbulent thermal
convection”, Physical Review E 77, pp. 056312(1-12) (2008).

4. Q. Zhou, C. Sun, and K.-Q. Xia, "Morphological evolution of
thermal plumes in turbulent Rayleigh-Bénard convection”,
Physical Review Letters. 98, pp. 074501(1-4) (2007).

5. C. Sun, Q. Zhou, and K.-Q. Xia, "Cascades of velocity
and temperature fluctuations in buoyancy-driven thermal
turbulence”, Physical Review Letters 97, pp. 144504(1-4)
(2006).

12. Experimental studies of surfaces and nanostructures
(PhD)
(Prof. Xiao, X.D., Room 210, ®3163 4388,
E-mail: xdxiao@phy.cuhk.edu.hk)

Matters are made of atoms. In an era of “Seeing is
believing”, direct observation of atoms and their behaviors
becomes increasingly important in scientific research. Using
scanning tunneling microscopy (STM) and scanning tunneling
spectroscopy (STS) at low temperatures or variable temperatures,
we are studying various structural and electronic properties of
surfaces and nanostructures with atomic resolution. The
current topics include observations of single atom diffusion on
surfaces and on thin films, formation of nano-clusters with
atomic precision control, and superconductivity of nano-
islands. [Up to two students may be admitted.]

References :

1. Aidi Zhao, Xieqiu Zhang, Gang Chen, MM.T. Loy, and
Xudong Xiao, "Initial stages of the adsorption of Ge
atoms on the Si(111)-(7x7) surface”, Physical Review B
74, pp. 125301(1-8) (2006); Selected for publication in
Virtual Journal of Nanoscale Science & Technology,
September 18, 2006.

2. Kedong Wang, Chun Zhang, MM.T. Loy, and Xudong
Xiao, "Time-dependent tunneling spectroscopy for
studying surface diffusion confined in nanostructures”,
Physical Review Letters 94, pp. 036103(1-4) (2005);
Selected for publication in Virtual Journal of Nanoscale
Science & Technology, February 7, 2005.

3.  Chun Zhang, Gang Chen, Kedong Wang, Hongwei Yang,
Tao Su, C.T. Chan, MM.T. Loy, and Xudong Xiao,
"Experimental and theoretical investigation of single Cu,
Ag and Au atoms adsorbed on Si(111)-7x7", Physical
Review Letters 94, pp. 176104(1-4) (2005).

4. Aidi Zhao, Qunxiang Li, Lan Chen, Hongjun Xiang,
Weihua Wang, Shuan Pan, Bing Wang, Xudong Xiao,
Jinlong Yang, J.G. Hou, and Qingshi Zhu, "Controlling
the Kondo effect of an adsorbed magnetic ion through its
chemical bonding", Science 309, pp. 1542-1544 (2005).

5. QilLiang, O.K.C. Tsui, Yabo Xu, Hongnian Li, and Xudong
Xiao, "Effect of Cgy molecular rotation on nanotribology”,
Physical Review Letters 90, pp. 146102(1-4) (2003);
Selected for publication in Virtual Journal of Nanoscale
Science & Technology 7, issue 16 (2003).

13. Understand the role of air in liquid solid impact (PhD)
(Prof. Xu, L., Room G6, ®2609 6307,
E-mail: xulei@phy.cuhk.edu.hk)

This project is focused on studying the liquid-solid impact
process, especially on the role of air in this process.

It may seem self-evident that a rapidly moving liquid drop
colliding with a dry solid substrate should splash and break up
into thousands of tiny droplets. It is, therefore, surprising that
simply removing the air surrounding the drop can completely
inhibit splashing on a smooth substrate. This unexpected
observation by us was selected as one of the “top physics
stories in 2005” by American Institute of Physics and
emphasizes that startling discoveries can still be made even in
common everyday phenomena.



However, why air has such a crucial influence remains
unclear. We propose to elucidate this question by studying
impacts under different air pressures inside vacuum chambers.
We intend to directly observe the impact dynamics with state-
of-the-art imaging techniques, such as the X-ray phase contrast
imaging, high-speed photography, optical interference and
microscopy. The study should bring substantial advancement
to this understanding of liquid-solid impact.

Moreover, such understandings can have important
industrial applications since the liquid-solid impacts are
involved in many industrial processes, such as in ink-jet
printing, surface coating, combustion of liquid fuel, and
plasma spraying. We expect useful technological ramifications
from our experimental discoveries. [One or two students may
be admitted.]

References :

1. L. Xu W.W. Zhang, and S.R. Nagel, "Drop splashing on
a dry smooth surface"”, Physical Review Letters 94, pp.
184505(1-4) (2005).

2. D. Quéré, "Fluid dynamics: Impact on everest”, Nature,
435, pp. 1168-1169 (2005).

14. Using colloids as a model system to study molecular
behaviors (PhD or MPhil)
(Prof. Xu, L., Room G6, ®2609 6307)

This project is aimed at understanding molecular motions
with the help of colloids.

Molecules are small in size and fast in motion, it is
difficult to visualize them directly and probe their microscopic
motions. The absence of this knowledge further inhibits a
fundamental understanding of molecular systems. However,
colloids provide an excellent model system for studying
molecules. The particle radius, R, is typically 100nm to
1000nm, directly observable by microscope. Individual
colloids can also be tracked directly over the time scale of
their relaxation times, Tz ~ 107s to Is. Compared with
molecular relaxation times, 7z ~ 10™'%s, colloidal particles are
10° to 10" times slower. Therefore, colloidal systems provide
an ideal platform to investigate molecular systems.

We will study the molecular behaviors in important
processes such as liquid-solid phase transition, glass transition
and critical point by directly visualizing their dynamics with
colloids. We will use cutting edge techniques such as high-
speed photography and confocal microscopy for data collection.
Unprecedented understanding on these fundamental processes
could be achieved. [One or two students may be admitted.]

References :

1. E.R Weeks, et al., "Three-dimensional direct imaging of
structural relaxation near the colloidal glass transition”,
Science, 287, pp. 627-631 (2000).

2. D.GAL. Aarts, et al, "Direct visual observation of
thermal capillary waves", Science 304, pp. 847-850
(2004).



