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Welcome Message
The organizing committee of Global Workshop on Functional Materials and Devices (GWFMD) 2018 warmly welcomes all the participants to Singapore, and particularly to the lush
greenery Yun-Nan Garden campus with heritage gems of Nanyang Technological University
(NTU), situated adjacent to the town of Jurong West with the land area of 200-hectare (2.0
km2), housing Singapore's largest on-campus residence infrastructure including 18 halls of
residence for undergraduates and two graduate halls together with memorable architectural
icons and landmarks.

The GW-FMD is the inaugural event co-organized by Society of Interdisciplinary Research
(SOIREE) and Institute of Advanced Studies (IAS), focusing on novel functional materials and
nanostructures in combination with modern devices and technology, as well as on the physics
of novel devices and sensors, nanostructured materials, nano-scaled device characterization,
and biomedical instrumentation. New approaches exploiting nanotechnologies to pave a way
towards “More than Moore” are the enabler for assorts of sensors and devices which will
consume less electrical power, be more portable and totally compatible with modern electronic
technology.

The GW-FMD provides a premier scientific platform to facilitate the exchange and
collaboration in interdisciplinary research for both local and international scientists. We are
very delighted to have participants from many countries and regions, including Australia,
Brunei, China, Hong Kong, India, Indonesia, Italy, Japan, Singapore, Turkey, Taiwan, Ukraine,
United States, and Vietnam, to deliver the 43 excellently lining up invited and contributed
presentations covering a wide range of the aspects of functional materials, devices and
modelling.

A special mention must be made of the generous sponsorship provided by School of Materials
Science and Engineering, and College of Engineering at NTU as Grand Premier Sponsors,
Oxford Instruments, Springer Publishing, Runchee Technology and Tianneng Group as
Premier Sponsors for which we are grateful. We equally appreciate the support rendered by all
participants in making the conference financially viable.
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Thanks to all the members of the SOIREE Executive Committee, Honorary Chairs and
International Advisory Committee for their advice and help. The GW-FMD 2018 could only
be possible with the dedicated efforts of Organizing Committee, Treasurer, Webmaster, and
the overwhelming support from Supporting Team. We are very grateful to colleagues who have
graciously agreed to chair the 10 technical sessions to ensure the GW-FMD to be an exciting
event to build synergy among functional materials, devices, and modelling leading to desirable
disruptive technology.

We wish all 3 fruitful days of stimulating yet rewarding program, and hope that you have an
enjoyable stay in this Yun-Nan Garden and Singapore!

Kok Khoo Phua and Haibin Su
On behalf of all Organising Committee

Organized by
The Society of Interdisciplinary Research (SOIREE) aims to serve
as a platform for interaction and collaboration in
interdisciplinary culture, science, technology, and research intercontinent. SOIREE will also provide a platform to promote and
organize activities for science and technology interactions among
its members, as well as between the scientific organizations
universities, institutions and government agencies. Moreover,
SOIREE will provide professional consultation to the science and
technology, as well as assistance in fostering strategic
partnership among the relevant worldwide government bodies.

The Institute of Advanced Studies (IAS) was established in July
2005 to provide NTU’s science and technology initiatives with a
“Nobel boost” and to establish the hallmarks of science at the
highest level. IAS at NTU is generally regarded as one of the best
Institutes of Advanced Studies in the Asia Pacific region. The
Institute hosts a significant number of Nobel Laureates and Fields
Medallists every year and organizes a large number of high
impact, international conferences, workshops and schools across
many disciplines in the Asia Pacific region.
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Honorary Chairs:
Professor Yoshiyuki Kawazoe (Tohoku University, Japan)
Professor Luigi de Luca (University of Naples "Federico II", Italy)
International Advisory Committee:
Professor Ewald Benes (Vienna University of Technology, Austria)
Professor James Friend (University of California, San Diego, USA)
Professor Igor Minin (Siberian State Univ. of Geosystem and Technologies, Russia)
Professor Derek Siu-Wing Or (Hong Kong Polytechnic University, Hong Kong)
Professor Rohit Prasankumar (Los Alamos National Laboratory, USA)
Professor Jinlong Yang (University of Science & Technology of China, China)
Professor Qifa Zhou (University of Southern California, USA)
Organising Committee:
Professor Kok Khoo Phua (Nanyang Technological University, Singapore)
Professor Shuangchen Ruan (Shenzhen University, China)
Professor Jinglei Yang (Hong Kong Univ. of Science & Technology, Hong Kong)
Professor Junhui Hu (Nanjing University of Aeronautics and Astronautics, China)
Professor Ran Ni (Nanyang Technological University, Singapore)
Dr. Wen Li (1000-Talent, Tianneng Group, China)
Professor Haibin Su (Nanyang Technological University, Singapore)
Treasurer:
Dr. Xiaohua Ma (Society of Interdisciplinary Research, Singapore)
Webmaster:
Mr. Tu Khai Nguyen (Society of Interdisciplinary Research, Singapore)

Supporting Team:
Lixin Ge; Haiyan Zhu; Pengzhan Liu; Bin Miao; Yukang Xu; Xin Zhang; Zhihao Liu;
Feng Zhou; Qiang Wang; Kaicheng Zhu; Le Quang Luan; Beng-Hau Tan; Minchuan
Zhang; Raymond Liu; Louis Lim; Charlotte Wee; Kek-Koon Tan and Chinatsu Maeda
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Sponsors
Engineering is the historical strength of the University,
which was founded in 1981 with the three traditional
Engineering Schools. Nanyang Technological University
College of Engineering was established in 2001 to
integrate the engineering disciplines and promote
interaction amongst the Engineering Schools in the
University. This was an impetus to nucleate a culture of
excellence in academic, research and administrative
activities. It now consists of six engineering schools,
being one of the world’s largest engineering colleges, and
Singapore’s premier engineering educators.

Oxford Instruments is a leading provider of
nanotechnology tools and systems for advanced materials
research and industry. Oxford Instruments has discrete
business groups operating in several sectors, to focus our
expertise, our technologies and our innovation on offering
our customers high quality products and service that meet
their stringent requirements. Particularly, NanoAnalysis
provides the world’s most popular microanalysis detectors
on SEM, FIB and TEM; Plasma Technology provides
process solutions for the etching of nanometre sized
features, nanolayer deposition and the controlled growth
of nanostructure; and Andor Technology Ltd is a global
leader in the development and manufacturing of high
performance scientific imaging cameras.

The world is full of publishers. Some move forward, some
go backward, and some even seem to go nowhere at all. But
at Springer we move in our own unique way. With more
than 200 Nobel Prize winners among the authors of our
books and journal articles, it is safe to say that Springer
has earned its place among the world’s foremost STM
publishers. As an e-first company our editors discover the
best authors and help to disseminate their research, while
our developers deliver the next big thing in scholarly
communications. Our dedicated teams crisscross the globe
to get journal articles, books, protocols and other products
into the hands of the researchers, librarians and
practitioners who need them most.
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Runchee Technology, founded in 2006, offers crossdisciplinary consultancy and education in high
performance scientific computing, financial modeling &
analytics. It has remarkable experiences in setting up and
supporting high performance computing laboratories in
Nanyang Technological University and National
University of Singapore, and leading financial institutions
in the region.

Tianneng Group of “New Energy New World” aims at
achieving the strategic objective to be a world leading new
energy solution provider. After 30 years, the Group has
developed into a new energy high-tech company engaged
in businesses such as motive batteries for electric vehicles,
wind energy and solar energy storage batteries as well as
the recycling of resources. The Group is listed on the main
board of The Stock Exchange of Hong Kong Limited in
2007. The Group has been included as a constituent of the
China Low Carbon Index, Hang Seng Global Composite
Index, and Morgan Stanley Small Cap (China) Index.
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2018 Global Workshop on Functional Materials & Devices
11 st January
Thursday
8:008:50

Registration

8:50-9:00

Opening Ceremony

9:0010:20

10:2010:50

12 nd January
Friday

13 rd January
Saturday

Registration

Registration

2-D

Oxides

Photonics

(session chair: Luigi de Luca)

(session chair: Mustafa Eginligil)

(session chair: Xiaogang Liu)

Wenjun Liu
Wenxiong Zhou
Jun Hu

Amit Banerjee
Guangchun Shan
Xiaohui Li
Hai Liu

Coffee Break

Coffee Break

Yongwei Zhang
Zheng Liu
Yanpin Liu
Neng Li

M. Aziz Majidi

Group Photo
Coffee Break

Devices

Modeling

Oxford Instru. Lect.

(session chair: Yongwei Zhang)

(session chair: Dongchen Qi)

(session chair: Haibin Su)

Lei Shen
Guoping Zhao
Enjia Ye
Wai-Leung Yim
Xi Zhu

Jiang Wu

10:5012:30

Kui Yao
Luigi de Luca
Junhui Hu
Xiaolong Lu
Yingxiang Liu

12:3014:00

Lunch

Lunch

Energy / Electronis

Optics

(session chair: Kui Yao)

(session chair: Junhui Hu)

14:0015:20

Jianyong Ouyang
Xingyu Gao
Dongchen Qi
Hirotaka Sato

Sergei Manzhos
Xiaogang Liu
Yuan-Fong Chou Chau
Mustafa Eginligil

15:2015:50

Coffee Break

Coffee Break

Polymer / Sensing

Soft Matter

(session chair: Jianyong Ouyang)

(session chair: Sergei Manzhos)

15:5017:50

Chenjie Xu
Yi Zhang
Aravind Dasari
Xiangyu Jin
Amarchand Sathyapalan
Bei Li

Ran Ni
Massimo P. Ciamarra
Anh Tuan Tran
Zuoqi Zhang
Pengzhan Liu
Qiang Tang

17:5018:30

Free Time

Free Time

18:30

Welcome
Reception

Workshop
Banquet
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Panel Discussions
Lunch

End

Day 1 : Morning (Thursday, 11

st

January, 2018)

Manipulating Two-Dimensional Materials for Nanoelectrincs
Yong-Wei Zhang
Institute of High Performance Computing, A*STAR, Singapore

CVD synthesis of atom-thin transition metal dichalcogenides
Zheng Liu

2-D

Center for Programmed Materials, School of Materials Science and Engineering, Nanyang Technological University, Singapore

Spintronics and Valleytronics in 2D Layer-structured Materials
Yanping Liu

Session Chair:
Luigi de Luca

Central South University, Changsha, China

Understanding the Atomic and Electronic Mechanism of 2D Transition-Metal Carbides (MXene) as photocatalysts
Neng Li*1,2, Xingzhu Chen1, Luis Miguel Azofra3, Wee-Jun Ong3 and Chenhua Sun4
1

State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, China; 2Department of Materials Science & Metallurgy, University of Cambridge, UK
3
IMRE, Agency for Science, Technology and Research, Singapore; 4ACES, School of Chemistry, Faculty of Science, Monash University, Australia

Sensors and transducers enabled with electrical polarization responses
Kui Yao
Institute of Materials Research and Engineering, A*STAR, Singapore

Piezo-driven and Plasma Synthetic jet Actuators. A comparative investigation
Matteo Chiatto, Andrea Palumbo and Luigi de Luca*
Department of Industrial Engineering (DII) – University of Naples “Federico II”, Italy

Devices

Ultrasound Assisted Low-Concentration VOC Sensing
Junhui Hu* and Songfei Su

Session Chair:
Yongwei Zhang

State Key Lab of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and Astronautics, China

Acoustic Topographical Manipulations for Nanomotors
Xiaolong Lu1,2, Fernando Soto2, Jinxing Li2, Yuyan Liang2 and Joseph Wang2
1

State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and Astronautics, China
2
Department of Nanoengineering, University of California San Diego, USA

Development of piezoelectric actuator with output ability of long stroke and nanometer resolution
Yingxiang Liu*, Dongmei Xu, Liang Wang, Xinqi Tian and Jie Deng
State Key Laboratory of Robotics and System, Harbin Institute of Technology, China

Day 1 : Afternoon (Thursday, 11 st January, 2018)
Carbon Nanomaterials for Energy Conversion, Electrocatalysis and Wearable Electronics
Jianyong Ouyang
Department of Materials Science and Engineering, National University of Singapore, Singapore

Synchrotron based research of pervsokite solar cells
Xingyu Gao

Energy and
Electronics

Shanghai Synchrotron Radiation Facility, Shanghai Institute of Applied Physics, CAS, China

Diamond Surface Functionalization and Doping for Carbon-based Electronics
Dongchen Qi

Session Chair:
Kui Yao

Department of Chemistry and Physics, La Trobe University, Australia

Electrocatalyst design and facile-fabrication by electrochemical processes
Desmond C. L. Tan1, Kee Chun Poon1, Thang D. T. Vo1, Jing Zhan1, Haibin Su2 and Hirotaka Sato1
Schoolf of Mechanical & Aerospace Engineering; 2School of Material Science & Engineering, Nanyang Technological University, Singapore

1

Micro/Nanotechnology for Treatment and Diagnosis of Abnormal Scar
Chenjie Xu
School of Chemical and Biomedical Engineering; NTU-Northwestern Institute for Nanomedicine, Nanyang Technological University, Singapore

Purification of High Molecular Weight DNA Using Shrinking-Induced Hierarchical Silica Lamella
Yi Zhang
School of Mechanical and Aerospace Engineering, Nanyang Technological University, Singapore

Understanding the environmental durability of intumescent coatings on steel structures
SM Anees1, IS Zope1, YH Ng2, KH Tan2 and A Dasari1*

Polymer/Sensing
1

Session Chair:
Jianyong Ouyang

School of Materials Science and Engineering; 2School of Civil and Environmental Engineering, Nanyang Technological University, Singapore

Comparing accuracy of the methods of the polytetrafluoroethylene fiber linear density measurement
Yukang Xu and Xiangyu Jin*
Engineering Research Center of Technical Textiles, Ministry of Education, Donghua University, China

Fine-tuned molecules as sensors, organic thin film transistors, molecular electronics and extraction
Amarchand Sathyapalan
Metallurgical Engineering, University of Utah, USA; AJ Innovation Research Center, USA

A structure and thermodynamic properties-consistent coarse-grained model for random copolymer system
Bei Li*, Qiubo Chen, Hanxing Liu and Shangyu Huang
School of Materials Science & Engineering, Research Center for Materials Genome Engineering, Wuhan University of Technology, China

Day 2 : Morning (Friday, 12

nd

January, 2018)

Enhancement of Mobility and Reliability in InGaZnO Thin-film Transistors by Process Optimization
Wen-Jun Liu* and Shi-Jin Ding
School of Microelectronics, Fudan University, China

A Modeling Prespective on the Recently Observed New Plasmons in Mott-like Insulating Oxides
Muhammad Aziz Majidi
Oxides

Department of Physics, Faculty of Mathematics and Natural Sciences, Universitas Indonesia, Indonesia

Session Chair:
Mustafa Eginligilg

Coexistence of ferroelectricity and two-dimensional electron gas
W. X. Zhou*, H. J. Wu*, J. Zhou, S. W.Zeng, C. J. Li, R. Guo, J. X. Xiao, Z. Huang, W. M. Lv, K. Han, P. Yang, C. G. Li,
Z.S. Lim, H. Wang, Y. Zhang, S. J. Chua, K. Y. Zeng, T. Venkatesan, J. S. Chen, Y. P. Feng, S. J. Pennycook and Ariando†
NUSNNI-NanoCore, Department of Physics, National University of Singapore, Singapore

Theoretical insight into the mechanism of photoelectrochemical oxygen evolution reaction on BiVO4 anode with oxygen vacancy
Jun Hu†‡, Xin Zhao‡, Wei Chen‡, Haibin Su*‡ and Zhong Chen*‡
†

School of Chemical Engineering, Northwest University, China; ‡School of Materials Science and Engineering, Nanyang Technological University, Singapore
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Spin-orbitronics: spin-orbit effects in 2D electron gas at topological surface and Rashba interface
Lei Shen
Department of Mechanical Engineering, National University of Singapore, Singapore

Optimization of Metallic Skyrmion-based Racetrack Memory by Overcoming Clogging and Annihilation of Skyrmion Signals
Guoping Zhao
College of Physics and Electronic Engineering, Sichuan Normal University, China

Modeling

Electronic transport in TMDs nanoribbon systems
En-Jia Ye and Yun-Lei Sun

Session Chair:
DongChen Qi

Jiangsu Provincial Research Center of Light Industrial Optoelectronic Engineering and Technology, School of Science, Jiangnan University, China

Electrocatalytic Oxygen Evolution at Surface-Oxidized Multiwall Carbon Nanotubes
Wai-Leung Yim
Institute of High Performance Computing, A*STAR, Singapore

Chiral Pentagon Only Diamond-like Structures
Xi Zhu
The Chinese University of Hong Kong, Shenzhen, China
nd

Day 2 : Afternoon (Friday, 12

January, 2018)

Calculations of optical properties of fullerenes in agregate state: some drawbacks of TD-DFT and of the dipole approximation
and how to circumvent them
Amrita Pal and Sergei Manzhos*
National University of Singapore, Singapore

Molecular Design of Fluorescent Dyes with Enhanced Brightness and Photostability
Xiaogang Liu

Optics

Singapore University of Technology and Design, Singapore

Session Chair:
Junhui Hu

Design of a high sensitivity surface plasmon resonance sensor using hybrid plasmonic nanostructures arrays
Yuan-Fong Chou Chau*, Ren Chong Lim and Chee Ming Lim
Centre for Advanced Material and Energy Sciences, Universiti Brunei Darussalam, Negara Brunei Darussalam

Modulation of photogalvanic photocurrents in graphene and 2D semiconductors
Mustafa Eginligil
Nanjing Technological University, China

Driving dynamic colloidal assembly using eccentric self-propelled colloids
Ran Ni
School of Chemical and Biomedical Engineering, Nanyang Technological University, Singapore

Simple and Flexible Model for Laser-Driven Antibody–Gold Surface Interactions: Functionalization and Sensing
B. Della Ventura†, A. Ambrosio†§, A. Fierro†, R. Funari†, F. Gesuele†, P. Maddalena†, D. Mayer⊥, M. Pica Ciamarra*∥†, R. Velotta† and C. Altucci*†
†

Department of Physics & CNR-SPIN, University of Naples “Federico II”, Italy; §Harvard School of Engineering and Applied Sciences, Harvard University, USA

⊥

Peter Grünberg Institute and Institute of Complex Systems, Jülich, Germany; ∥Division of Physics and Applied Physics, Nanyang Technological University, Singapore

Soft Matter

Leidenfrost transition and the role of dynamical wetting
Tuan Tran1,*, Mohammad Khavari1, Thien-Binh Nguyen1, Dongdong Liu1, Md Imrul Kayes2, Baomin Wang2 and Paul W. Leu2
1

School of Mechanical and Aerospace Engineering, Nanyang Technological University, Singapore

Session Chair:
Sergei Manzhos

2

Department of Industrial Engineering and Department of Mechanical Engineering and Materials Science, University of Pittsburgh, USA

Strain-Controlled Switching of Hierarchically Wrinkled Surfaces between Superhydrophobicity and Superhydrophilicity
Zuoqi Zhang*
*Department of Engineering Mechanics, Wuhan University, China

Ultrasonic Removal of Micro/Nanoscale Particles Using Acoustic Streaming
Pengzhan Liu and Junhui Hu*
State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and Astronautics, Nanjing, China

Acoustic Streaming Field in the Probe-Liquid-Substrate System
Qiang Tang and Junhui Hu*
State Key Lab of Mechanics and Control of Mechanical Structures, Nanjing University of Aeronautics and Astronautics, Nanjing, China

Day 3 : Morning (Saturday, 13 rd January, 2018)
Terahertz Microbolometer Arrays for Biomedical Imaging
Amit Banerjee1, Hiroaki Satoh1, Yash Sharma2, Norihisa Hiromoto2 and Hiroshi Inokawa1
1

Optics

Research Institute of Electronics, Shizuoka University,2Graduate School of Science and Technology, Shizuoka University, Japan

3D Nanoporous Gold Derived from Au-Based Metallic Glass and New Co-based Glassy Materials
Yi Xu, Guangcun Shan*, Pak Man Yiu, Tamaki Shibayama, Seiichi Watanabe, Masato Ohnuma, Wei Huang and Chan-hung Shek
Beijing University of Aeronautics and Astronautics; City University of Hong Kong, China

Session Chair:
Xiaogang Liu

Ultrafast fiber lasers and their applications
Xiaohui Li
School of Physics and Information Technology, Shanxi Normal University, China

Multi-parameter measurement based on Photonic Crystal Fiber Filled with functional materials
Hai Liu
China University of Mining and Technolog, China

Oxford Instru.
Lecture
Session Chair:
Haibin Su

Achieving High Spatial Resolution EDS Analysis in SEM and TEM
Jiang Wu
Oxford Instruments (Singapore Office), Singapore
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DAY 01
Biography
Zhang Yong-Wei is Principal Scientist
and Deputy Executive Director at
Institute of High Performance computing (IHPC), A*STAR, Singapore. He
is also Adjunct Professor at Engineering Product Development, Singapore
University of Technology and Design.
He received Ph.D from Northwestern
Institute of High Performance Polytechnical University, China.SubComputing, A*STAR,Singapore sequently he worked at Institute of
Mechanics, Chinese Academy of Sciences, China; Division of Engineering
at Brown University, USA; Institute of
Materials Research and Engineering,
A*STAR, Singapore; and Department

Yongwei Zhang

of Materials Science and Engineering
at National University of Singapore. His
interests focus on using theory,
modeling and computation as tools to
study the relationship between
structures and properties of materials
with applications in material design and
property engineering, the structure,
growth, mechanical-thermal coupling
and mechanical-electronic coupling of
2D materials, additive manu-facturing
from powder to part, et al. He has
published over 350 refereed journal
papers, and delivered over 80 invited/
keynote/ plenary talks and lectures.

Manipulating Two-Dimensional Materials
for Nanoelectrincs
Two-dimensional (2D) semiconducting
materials, such as phosphorene,
phosphorus carbide, MoS2, WSe2, et al.
hold great promise for many important
applications in nanoelectronics and
optoelectronics. To fully explore their
functionalities and potentials, structure
engineering is often required. It is now
recognized that the structures of these
2D materials can be engineered by
different approaches, such as physical
absorption, chemical absorption, edge
functionalization, layer, size and shape
manipulation and strain engineering,
which can cause significant changes
in electronic, optical, magnetic and thermal properties. Thus, these engineering
approaches can greatly widen the range
of applications of 2D materials.
In this talk, we first report our
, research
References
1. Y. Cai, et al., J. Am. Chem. Soc. 138, 10199 (2016). 017.
2. J.F. Gao, et al., J. Am. Chem. Soc. 138, 4763 (2016).
3. W.C. Tan et al. Adv. Mater. (2017) DOI: 10.1002/adma.201700503
4. Y. Liu et al. Adv. Funct. Mater. (2017) DOI: 10.1002/adfm.201604638
5. Z. Yu et al. Adv. Mater. 28, 547 (2016) DOI: 10.1002/adma.201503033
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work on the structure engineering of two
members of 2D semiconducting materials, that is, phosphorene and MoS2 , to
tune their electronic, magnetic and thermal properties using first-principles calculations.We will discuss how physical
absorption, chemical absorption, edge
functionalization, layer, size and shape
manipulation and strain engineering
affect the electronic, magnetic, and
thermal properties of these two
materials [1,2] . We will then present
several applications of these materials
in fabricating high-performance fieldeffect transistors and p-n homo-junction
[3- 5]
diodes
. The present work demonstrates several practical routes to tune
the electronic properties of 2D
materials, and their applications in
nanoelectronics devices.
-

DAY 01
Biography
Dr. Zheng Liu received his B.S. degrees
(2005) at Nankai University (China), and
completed his PhD at National Centre for
Nanoscience and Technology (NCNST,
China), working on the synthesis and
energy harvest of carbon nanotubes. He
then worked in Prof Pulickel M. Ajayan and
Prof Jun Lou’s groups as a joint postdoc
research fellow (2010~2012) and research
scientist (2012~2013) at Rice University
(USA).
His research focus on following topics: 1)
Synthesis of high-quality and large-size
novel 2D monolayers, especially, a full
spectrum of transition metal dichalcoCenter for Programmed Materials, genides (TMDs), the biggest family ever
known in 2D materials. 2) Engineering of
School of Materials Science
2D
materials such as lateral/vertical 2D
and Engineering,
heterostructure
and alloy; 3) Physical
Nanyang Technological University,
properties of 2D monolayers such as 2D
Singapore
superconductivity (MoTe2 and NbSe2 ), 2D
ferroelectricity (CuInP2 S4), 2D ferromagnetism and 2D Wyle seminmetals(WxMo1-x Te2 and TaIrTe 4).4) Applications of 2D materials such as novel
electronics (Semi-floating gate FET,
Inorganic/organic PN junction and
rectifier, Ferroelectrically nonvolatile
memory); Detector and sensors (Atomthin photodetector, photoconductive switch

Zheng Liu

and Microelectromechanical sensor);
Coating
and
composite
(hightemperature oxidation-resistant coating,
binder-free fire-resistant wood coatings),
energy and catalysis (Li-ion battery,
supercapacitor, ORR, HER, etc).
He has published more than 140 peerreviewed papers in top journals including
16 papers in Nature and science serial
journals (Nature
Materials, Nature
Nanotechnology, Nature Communications
and Science Advances); 22 in Nano
Letters; 17 in Advanced Maters; 9 in ACS
Nano, with total citations more than 11000
and h-index of 47. These works have also
been reported by many renowned media
such as Science daily, Phy.org, EEE
spectrum, etc., and also highlighted by the
top journals such as Nature Physics,
Nature Nanotechnology, Angew. Chem. Int
Ed, etc. He was also a recipient of the
World Technology Award in Energy category in 2012. This award has been presented
as a way to honour those in doing “the innovative work of the greatest likely longterm significance.” He was awarded the
prestigious Singapore NRF Fellowship. He
was also the awardee of the elite Nanyang
Assistant Professorship in 2013.

Flatland: the landscape of 2D materials
The one-atom-think crystal like
graphene have fantastic properties and
attracted tremendous interests in these
years, which open a window to the
landscape of the two-dimensional (2D)
materials. There are a large variety of
2D materials beyond graphene that are
to be explored. Using chemical solid
reaction
and
chemical
vapour
deposition, we have successfully
synthesized a wide spectrum of 2D
materials (both single crystals and few
layers).
In this talk, I will briefly introduce
development of 2D materials over the
past ten years and our recent work in this

area, including the advances in the
synthesis of various 2D materials,
engineering of 2D materials such as
design of lateral and vertical 2D
heterostructure and fabrication of 2D
alloy. We will also discuss the unique
physical properties such as 2D
superconductivity (MoTe2 and NbSe2 ),
2D ferroelectricity (CuInP2 S4 ), 2D
ferromagnetism and 2D Wyle semimetals, as well as the potential
applications of 2D materials including
the fabrication of novel electronics;
detector and sensors; coating and
composite, energy and catalysis.

References
1. Chongyun Jiang, Fucai Liu, etc., Nature Communications, 2017.
2. lya Belopolski, Peng Yu, etc., Nature Communications, 2017.
3. Hong Wang, Xiangwei Huang, etc., NatureCommunications, 2017.
4. D ong Li, Mingyuan Chen, etc., Nature Nanotechnology, 2017.
5. Ilya Belopolski, etc., Nature Communications, 2016.
6. Fucai Liu, etc., Nature Communications, 7, 12357, 2016.
7. Jiadong Zhou, Fucai Liu, etc., Advanced Materials, 29, 1603471, 2017 (Front Cover).
8. Xuewen Wang, Xuexia He, etc., Science Advances, 2, e1600209, 2016.
9. Y. Gong, etc., Nature Communications, 2014, 5, 319.
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DAY 01
Biography

Yanpin Liu
Department of Physics and
Electronics,
Central South University,
China

Dr. Liu received his Ph.D. degree in the

(2D), nanoribbon (1D), quantum dot (0D)), and

Department of Physics and Applied Physics (PAP)

valleytronics applications in 2D layered materials

from Nanyang Technological University (NTU),

and nanophotonics applications in emerging 2D

Singapore, in 2013. Currently, He is now a

layer materials. Dr. Liu has served on the review

Professor at Central South University (CSU) in

boards of various technical journals, including

China. Before Join in CSU, he is a postdoctoral

Nature Nanotechnology, Nature Physics, Nature

researcher at the University of California, Berkeley

Comm, ACS, etc. He has published and presented

(UCB). From 2011 to 2012, Dr. Liu has performed
research as an International Program Associate
(IPA) at Quantum Nano-Scale Magnetics

over 20 technical papers as a first author in
including Nano Letters, ACS Nano,Small Naboscale,

Laboratory at RIKEN, located in Japan, under the

Carbon, New Journal of Physics and Applied

executive program on Professor Yoshichika Otani.

Physics Letters, etc. He received the Chinese

International Journals and Conferences,

Before joining UCB, he was a Research Fellow at

Government Award for Outstanding Self-Financed

NTU and also a Research Scholar at Data Storage

Students Abroad in 2012. Also, he was the vice

Institute of A*STAR in Singapore. His research

president of the Graduate Student Club of School

interests include quantum and spin transport in

of Physical & Mathematical Sciences(SPMS) at

graphene nanostructures (graphene nanomesh

NTU in Singapore from 2010 to 2011.

Spintronics and Valleytronics in 2D
Layer-structured Materials
For the spintronics, we report on the
electrical injection and detection of spin
accumulation in trilayer graphene/MgO/
Permalloy lateral spin-valve (LSV)
structure. The dependence of the non local magnetoresistance on electrode
spacing is investigated, and the results
indicate a spin diffusion length of ~2.0
μm at room temperature, while at
T = 10 K, the diffusion length increases to
2.3 μm. Electrical detection of the spin
precession confirms that the non- local
signal originates from spin injection and
transport. These results indicate that
trilayer graphene is an ideal candidate for
the development of pure spin- current -

11

based

memory,

logic

and

sensing

devices. For the valleytronics, we successfully manipulate the valley degree of
freedom in TMDCs materials by the
optical circular polarization. We present
experimental evidence for the existence
of an intermediate alloy state between
the MoSe 2-like and the WSe2-like
behavior of the neutral exciton (X0 ) using
temperature -dependent photoluminescence (PL) of the monolayer MoxW 1 -xSe 2
alloy. The bright dark states transition
-

can be explained by the competition
between the thermally activated bright
states and the non radiative quenching
-

of the bright states.
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N eng Li obtained his Ph.D. in Physics from the

condensed matter simulation programs.

Huazhong University of Science & Technology in

Specifically he is interested in the modeling of

2011. He later accepted a Research Assistant
Professor position at Shenzhen Institutes of
Advanced Technology, Chinese Academy of
Sciences in 2011.He was elected " Peacock Talent
People" plan, which is the high level researcher
project in Shenzhen City, China. After that, he held
a post doctoral position at UMKC under the
supervision of Prof. Wai-Yim Ching from 2012 to
2014, and then he joined the State Key Laboratory
of Silicate Materials for Architectures, Wuhan
University of Technology in 2014 as a full
Professor. During 2015 - 2017, he was a Visiting
Research Fellow at the National University of
Seoul, Monash University Clayton Campus,
Queensland University, Lorraine University, and
University Cambridge. His broad interests lay inthe
development and application of computational

defective, nanostructured, catalyst, and related
devices using ab initio methods on high
performance computers. He has authored or
coauthored more than 60 scientific papers and
attended more than 50 international conferences
as invited speakers, oral speaker and over poster.

-

He serves as an Editorial Board Member of the
Frontiers in Materials: Glass Science, and a
Community Board Member of International Journal
of Photoenergy. He has also been the Lead Guest
Editor of several Special Issues. Outside of
research and university teaching he is an enthusiastic supporter of efforts to bring science,
technology, engineering, mathematics educational
and entertainment content into the lives of
young students from elementary age to junior
undergraduates.

Understanding the Atomic and Electronic
Mechanism of 2D Transition-Metal
Carbides (MXene) as photocatalysts
Density functional theory investigations of M 3 C 2 transition metal
carbides from the d 2, d3, and d4
series suggest promising N 2 capture
behaviour, displaying spontaneous
chemisorption energies that are
larger than those for the capture of
CO2 and H 2O in d3 and d4 MXenes.
The chemisorbed N 2 becomes
activated, promoting its catalytic
conversion into NH3. The first protonelectron transfer is found to be the
rate-determining step for the whole
process, with an activation barrier of
only 0.64 eV vs. SHE for V 3C2[1].
Whilst MXenes from the d 2 series (M
= Ti, Zr, and Hf) have demonstrated
active behaviour for the capture of

CO2, the Cr 3C2, and Mo 3C2 MXenes
exhibit the most promising results (at
DFT computational level plus explicit
PBE/DFT-D3 dispersion corrections)
for their application in selective CO2
conversion into CH 4[2]. Cr 3C2 MXene
is especially promising owing to its
low expected over-potential. Moreover, spontaneous reaction energies
are predicted for the early hydrogenation steps towards the formation
of OCHO• and HOCO• radical
species. Our results provide novel
insights into the computer-aided
search for highperformance catalysts
and the understanding of reaction
mechanisms for CO2 reduction.

References
1. Luis Miguel Azofra, Neng Li, Douglas R., Energy Environ. Sci., 2016, 9, 2545-2549
2. Neng Li, Xingzhu Chen, Wee-Jun Ong, ACS Nano(in press) . 10.1021/acsnano.7b03738.
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in electronics engineering, master
degree in technical physics, and Ph.D
in electronic materials and devices.
Currently, he is a Principal Scientist,
and the Program Manager for the
material critical Sensors and Trans
ducers Programme at IMRE, A*STAR.
He is also an Adjunct Professor in
School of Material Science and
Engineering (MSE), Nanyang Technical University (NTU). During 19981999, he worked in Materials Research
Laboratory (MRL). The pennsylvania
-

Kui Yao
Institute of Materials Research
and Engineering, A*STAR,
Singapore

-

State University, USA. Previously, he
was a postdoctoral fellow in Micro electronics Center, NTU, during 19951997. His research areas cover smart
materials, particularly dielectric, piezoelectric and ferroelectric materials, and
the sensors and transducers enabled
with these materials, including their
applications for structural and condition
monitoring, energy harvesting and
storage, ultrasonic and photo-acoustic
non-destructive testing and diagnosis,
noise and vibration mitigation.

Sensors and transducers enabled with
electrical polarization responses
Electrical polarization or the change
in the polarization often occurs in
response to many external stimuli in
a material, partycularly prominent
when the structure lacks of a center
of symmetry. The polarization-based
stimulus-response
behaviors
in
dielectric materials, including ferroelectrics, pyroelectrics and piezoelectrics lead to multiple signal and
energy conversion functions, and are
utilized for producing a variety of
sensors and transducers. At IMRE,
sensing
and
polarization-crucial
transduction mechanims are explored
for advancing sensors and transducers devices. My talk will start from
a brief explanation for electrical
polarization, and the dielectric, piezoelectric and ferroelectric materials
concerning the polarization. Several
examples in the design and demon -
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stration of sensors and transducers
with unique feature and/or improved
performance properties from the
dielectric, piezoelectric and ferroelectric materials will be presented,
includinglow power dielectric chemical sensors, wireless and batteryless
ferroelectric optical sensors and
piezoelectric acceleration sensors,
directwrite ultrasonic transducers,
and nanostructured high frequency
ultrasonic transducers. These technical innovations in sensors and
transducers
enabled
with
the
polarization-crucial materials and
functions are promising for many
important fast growing applications in
structural and condition monitoring,
non-destructive testing, health care,
smart city, and intelligent manufacturing.
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Piezo-driven and plasma synthetic jet
actuators. A comparative investigation
The active flow control is one of the most
effective methods to improve the aircraft
performances. This technique involves
electro-mechanical devices, such as
synthetic jets actuators, able to
manipulate the flow, modify its structure
and allow a suited variation of the
aerodynamic forces on the aircraft. Both
piezo-driven and plasma synthetic jet
actuators (SJA) have gained much
interest for their simplicity, very short
response time, high jet velocity and lack
of any moving parts. In the former case a
synthetic jet is generated by the
diaphragm oscillation (driven by a
piezoelectric element) in a relatively
small cavity, producing periodic cavity
pressure variations associated with
volume changes. The pressured air
exhausts through an orifice, converting
electrodynamic energy into jet kinetic

energy. On the other hand, a plasma
SJA is essentially composed of 2 or 3
electrodes embedded in a small cavity
linked to the external environment
through an orifice. An electrical
discharge sharply increases pressure
and temperature inside the cavity. The
high-pressure air exhausts through the
orifice, converting the increased air
internal energy into kinetic one. In both
the cases, the device rapidly reaches a
periodic behavior, generating a so-called
synthetic jet. This paper aims at
representing a review of both the
techniques, outling their major peculiarities in terms of jet velocity and
energy efficiency. Various LumpedElement Models (LEMs), as practical
tools to design and manufacture the actuators, are discussed as well.

References
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2. M. Chiatto and L. de Luca, 55th AIAA Aerospace Sciences Meeting, AIAA Sci Tech Forum,(AIAA2017-1884),
2017;doi:10.2514/6.2017-1884.
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Zhejiang University, Hangzhou, China, in
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Ph.D. degree from the Tokyo Institute of
Technology, Tokyo, Japan, in 1997.
He was a research engineer at the
Research and Development Center, NECTokin, Sendai, Japan, from 1997 to 1999, a
research fellow and Post-Doctoral fellow at
State Key Lab of Mechanics and Hong Kong Polytechnic University, Hong
Control of Mechanical Structures, Kong, from 1999 to 2001, an Assistant
Professor at Nanyang Technological
Nanjing University of Aeronautics University (NTU), Singapore, from 2001 to
2005, and an Associate Professor at the
and Astroonautics,
School
of Electrical and Electronic
Nanjing, China
Engineering, NTU, from 2005 to 2010. He
is currently a Chang-Jiang Distinguished
Professor, PRC, and the Deputy Director of
the State Key Laboratory of Mechanics and
Control of Mechanical Structures, Nanjing.
He has authored or coauthored over 250

Junhui Hu

papers (including more than 80 full papers
in SCI international journals) and disclosed
patents, and is the sole author of the book
Ultrasonic Micro/Nano Manipulations. Also,
he has given more than ten keynote/invited
speeches in international conferences, and
served as general chairman for the
international conferences ICMCA 2016 and
honary chairman for IWPMA 2011. His
current research interests include novel
utilization of vibration, ultrasonic manipulators and actuators, piezoelectric
transducers and transformers, physical
effects of ultrasound, wireless drive of
piezoelectric components, and energy
harvesting from oscillation. Dr. Hu won the
Paper Prize from the Institute of
Electronics, Information and Communication Engineers as the first author in
Japan in 1998, and was awarded the title
of Valued Reviewer for Sensors and
Actuators A: Physical and for Ultrasonics.

Ultrasound assisted low-concentration VOC
sensing
We report a new method to ultrasonically enhance the metal oxide gas
sensor’s sensitivity to low-concentration
volatile organic compound (VOC)
gases. The system uses an ultrasonic
transducer to produce an ultrasonic
standing wave field above the sensing
layer. Ultrasonic field near the sensing
layer drives the VOC molecules to the
sensing layer, and promotes the
oxidation reduction reac tion between
-

-
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the VOC molecules and reactive
oxygen species on the surface of the
sensing layer, which increases the
resistance change of the sensing
resistor. The experiments show that
this method can greatly enhance the
gas sensor’s sensitivity to low
concentration VOC gases. With the
assistance of ultrasound, the sensitivity
can be increased up to 30 times.
-

.
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Xiaolong Lu received his PhD degree in
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is currently an associate professor. Dr.
Lu was a visiting scholar in Professor
Joseph Wang group at University of
California San Diego from Aug. 2016 to
Aug. 2017. His research interest includes
high-performance piezo actuator,
acoustofluidics, nano robots for biomedical applications and biological sensors.

Acoustic topographical manipulations for
nanomotors
Nano/micro robots and machines
play an important role in nanoscale
assembly, drug release, cell surgery
and environmental protection, etc. As
the fundamental devices of nanomachines, many high- performance
nanomotors based on distinctive
working principles have been
reported. However, most of those
motors are good at directional linear
motions but cannot be easily
transported along a disired route at
high-speed. As a fact, precise
transportation is quite essential to
build advanced micromachine and
microfactory systems. Here we
present a new protocol called Acoustic Topographical Manipulation (ATM),
which utilizes acoustic field to
assemble and actuate nanomotors.
An acoustic transducer operating at
ultrasound frequency is used to
generate the standing-wave propagation. The induced pressure of the
References
1. Wang, J., Wiley-VCH, Weinheim, Germany 2013.
2. Ozin, G. A.et al., Adv. Mater. 2005, 17, 3011-3018.
3. Mallouk, T. E. et al., Sci. Am. 2009, 300, 72-77.
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fluid leads to bottom-up assembly of
colloidal microspheres at obstacle
site and to be driven by the continuous acoustic streaming force.
Experimental results show that a
micro machine driven by ATM can
serve as a microrotor with a high
speed of 200 rpm. The direction and
speed of micro machine can be
modulated by tuning the driving
frequency andamplitude of the
acoustic actuator. Furthermore, the
ATMs can be used to control multiple
rotary elements rotating at anchor
site with complicated configurations.
proof-of-conceptual
Finally,
the
maze-sovling applications with nanomotors are accomplished via the
ATM method. The proposed ATMs
with novel propulsion principle and
attractive performance introduced
here are highly promising to build
advanced MEMS system and lab-ona- chip devices.
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member of the State Key Laboratory of
Robotics and System at Harbin Institute of
State Key Laboratory of Robotics Technology. He joined the School of
Mechatronics Engineering, Harbin Institute
and System,Harbin Institute
of Technology in 2011, where he has been
a professor since December 2013. He was
of Technology, China
a Visiting Scholar at the Mechanical
Engineering Department, University of
California, Berkeley, fromAugust 2013 to
August 2014. His research interests
include piezoelectric actuating, ultrasonic
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motor, piezoelectric actuator, precision
actuating, piezoelectric micro jet, bionic
robot, fish robot and soft robot. He has
published a monograph and over 100
academic papers in many high level
journals and conferences, 52 of which are
served as the reviewer for 26 international
journals. He had been served as the
session chair of the 7th IEEE International
Power
Electronics
Motion
Control
Conference. He had received the National
Excellent Doctoral Dissertation Award of
China, the Heilongjiang Province Science
and Technology Invention Award-2nd Prize,
the Chinese Mechanical Engineering
Society Hiwin Doctoral Dissertation Award,
the Chinese Excellent Publications Book
Award-Nomination Award, three interna tional conference best paper awards and
three national best paper awards.

Development of piezoelectric actuator with
output ability of long stroke and nanometer
resolution
The piezoelectric actuators have
attracted a lot of attentions by their
merits of simple structure, quick
response, high power weight ratio, high
precision, which make them good
candidates for fields of optical equip ment, digital camera, high -precision
platform, robot joints and life sciences .
We report a new type of piezoelectric
actuator that can achieve long stroke
driving with nanometer ability. Different
with the previous inchworm and inertia
driving type piezoelectric actuators,
sandwich transducers operating under
bending modes are used for the
proposed actuator. The proposed
actuator can operate under four
different working modes: micro
displacement mode under DC voltage,
walking mode under non-resonant state,
stepping mode under impulse voltage
of resonance frequency and high speed
mode under resonant state. The
piezoelectric actuator can produce output displacement with stroke of several
17

microns and resolution of nanometer by
the micro displacement mode, the use
of the walking mode can achieve long
stroke output with step displacement of
several microns and resolution of
nanometer, the stepping mode will
realize the movement with micron step
and resolution of micron, while the high
speed mode is used to obtain the
continuous movement with long stroke
and high speed. Therefore, the
proposed actuator can achieve different
output performances under different
working modes, which make it obtain
cross -scale driving ability of not only
long stroke and high speed, but also
high resolution. The experiments of the
fabricated prototype verify the merits of
the presented actuator. This new
driving mechanism and its attractive
performances show high potentials for
guiding the design of linear or rotary
piezoelectric actuators with long stroke
and high precision.
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nology in 2000 and a postdoctoral
researcher at the University of
California, Los Angeles in 2001. He
moved to the National Univ. of
Singapore in 2006 as an assistant
professor. His current research
interests cover the flexible electronic
materials and devices for energy
conversion and healthcare.

Carbon nanomaterials for energy conversion,
electrocatalysis and wearable electronics
Carbon nanomaterials including carbon
nanotubes and graphene have been
attracting great attention because of
their interesting structure and properties and important application many
areas. Here, I will present some of our
research works in the application of

carbon nanotubes and graphene for
energy conversion and wearable electronics. They were investigated as
materials in dye - sensitized solar cells,
polymer solar cells and electrocatalysis.
We also studied their application as
stretchable heaters and sensors.
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University in USA. He moved to Department of Physics of National University of
Singapore as a research fellow and later
on was promoted to a senior research
fellow. Since 2010, he has been working
in Shanghai Synchrotron Facility as a
professor in Shanghai Institute of Applied
Physics. His main interests covers
Synchrotron characterization techniques,
material science and photoelectric
devices.

Synchrotron based research of pervsokite
solar cells
Organ-inorganic hybrid lead halide
perovskite has become promising
materials able to rival multicrystalline
silicon for photovoltaic applications.
Besides world-wide efforts to further
improve perovskite solar cells (PSCs)
efficiency, their stability remain as one
bottleneck to be overcome before their
commercialization. One of the most
important factors governing the
photovoltaic efficiency and stability of
PSCs is the quality of their perovskite
films. To study the vital characteristics
such as crystallization degree and
preferential orientation of the perovskite
films, there are no better techniques
than Grazing Incidence X-ray Diffraction
(GIXRD).Using synchrotron based GIXRD,
not only the fabricated films can be
References
1. Yingguo Yang, et al. (2017, April). Sci .Rep. 7,46724,2017.
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characterized with two dimensional
structural information with changeable
probing depth, but also the fabrication
process including various post
treatments can be in-situ lively studied.
In this talk, we will report in-situ
characterizing the annealing process of
the perovskite films for a better
understanding of their formation
mechanism. Moreover, their annealing
time can be optimized to achieve best
PSC performance. Then, we will
demonstrate a novel modified antisolvent treatment how to improve the
the pervoskite film quality and stability
for the PSC enhancement. Third, we will
report the surface engineering in PSCs.
Finally, we will give an outlook.
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Diamond surface functionalization and
doping for carbon-based electronics
Despite being a bona-fide bulk insulator, the
surface of diamond presents a versatile
platform for exploiting some of the
extraordinary physical and chemical
properties of diamond, leading to
applications such as chemical/biological
sensing and the development of high-power
and high-frequency field effect transistors
(FETs) (Pakes, Garrido, & Kawarada, 2014).
On one hand, bare diamond (001) surfaces
are reactive, and can be readily functionalized by organic molecules through
chemical reactions such as cycloaddition
reaction. Hydrogen-terminated diamond
surface, on the other hand, develops an
intriguing two-dimensional (2D) p-type
surface conductivity when exposed to
appropriate surface adsorbate layer such as
atmospheric water as a result of the surface
transfer doping process.In the first part of the
talk, I will describe our recent work in the

engineering of diamond surface properties
through surface functionalization (Schenk et
al., 2016). The implications of these new
diamond surface terminations to potential
applications in photochemistry and quantum
sensing will be discussed. In the second part
of the talk, I will describe our work on the
surface transfer doping of diamond by a
variety of solid-state acceptors (Crawford et
al., 2016). I will show that by interfacing
diamond with suitable materials a 2D hole
conducting layer with metallic transport
behaviours arises on diamond. This surface
conducting channel can be exploited to build
diamond surface electronic devices such as
metal-oxide semiconductor FETs (MOSFETs)
as recently demonstrated by us. Lastly, the
prospects for constructing novel quantum
devices on diamond surface by making use
of this highly tunable 2D conducting layer on
diamond are also explored.
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electrochemical processes including electroplating and electrochemical etching. He
conducted his postdoc research on insect
computer hybrid robot, often referred as to

to ‘Cyborg Insect’ at University of Michigan
in 2007 and University of California Berkeley
from 2008 to 2010. He then moved to NTU
to continue the hybrid robot project and
restart electrochemistry research. His
current research interests cover biofuel cell,
electrocatalysts, wireless devices, biological
machines, electrochemical micro/nano
fabrication.

Electrocatalystdesign and facile-fabricationby
electrochemical processes
Development of electrocatalysts has
been extensive especially for the fuel
cell
reactions.
However,
most
techniques require harsh conditions
such as very high temperature, vacuum
environment and long synthesis
process, which makes implementation
challenging. Platinum loaded carbon
(Pt/C) is still the most practically used
catalysts for fuel cell. Our group has
developed
a
remarkably
facile
electrocatalyst
synthesis
method,
referred as „step-wise electroless
deposition‟ which uses just two
separate solutions: metal ion and reducing agent solutions. A substrate is
alternatively dipped into these solutions
for seconds, and metal ion adsorbed on
the substrate surface is reduced into
the metal by the electrons discharged
from the oxidation of reducing agent.
The cycle was repeated to achieve
optimal catalytic activity. Total time is
up to 10 min and the depostion process
is operated at ambient temperature and
atmosphere. By introducing mixture of
different metal ion solutions, we can
synthesize even alloy electrocatalysts.
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Interestingly, by using hypophosphite or
dimethylaminoborane
(DMAB)
as
reducing agent, phosophorus or boron
can be doped into deposited metal
nanoparticle. For example, we synthesized P-doped Pd nanopaticles by the
stepwise electroless deposition and
found they were in amorphous state,
this electrocatalyst exhibited very high
catalytic activity for oxygen reduction
and oxidation of formic acid1,2. Also,
we computionally modelled B-doped Pd
and found it to be highly active for
enhancing oxygen reduction reaction
due to negative shift of surface core
level of Pd3 . The stepwise electroless
deposition fabricated the modelled Bdoped Pd catalyst and we experimentally confirmed the high catalytic
activity. We built up a machine to
automate the stepwise electroless
deposition toward combinational chemistry like electrocatalyst synthesis and
evaluation. The machine allows us to
systematically and efficiently survey
varieties of electrocatalysts with differrent compositions and sizes for various
electrochemical reactions.
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Micro/nanotechnology for treatment and
diagnosis of abnormal scar
Abnormal scars result from overexuberant wound healing and cause
significant pain, impair mobility, and
psychological anguish. Current standard of care is inadequate and lack
of acceptable therapeutics and diagnostics. Molecular diagnostics are
favourable in identifying high-risk
wounds before maturity. To date,
abnormal scars are diagnosed through symptomatic and visual appearance. Molecular diagnostics provide
clinicians with better information to
make good clinical decision and early
interventions, and to monitor the t rea-
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tment progress. On the other hand,
therapeutics are dissatisfactory due
to: lack of efficacy, patient experienceing pain and involvement of
healthcare personnel. Developing
self-applied therapeutics minimizes
healthcare personnel involvement
and reduces overall healthcare burden. Dr. Chenjie Xu’s laboratory is
dedicated to address these challenges by using the latest developpment in micro/nanotechnologies. In
this talk, he will provide an update
about their effort in technology
development.
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been licensed or under evaluation for potential
licensing options.

Purification of high molecular weight DNA
using shrinking-induced hierarchical silica
lamella
Advances in sequencing technologies calls for the capability to
extract DNA with high molecular
weight, thereby providing a long
reading length. Hundreds of kilobases or megabases of reading
frame are often required in order to
characterize chromosomal or longrange genetic information. Nonetheless, existing DNA extraction
technologies, particularly the most
popular silica-based solid phase
extraction, impose large shear forces
and fragments DNA molecules into
small pieces.
We have developed a novel process
using shrinkable thermoplastics to
create inexpensive silica substrate,
which we name Nanobind, with hierarchical micro/nanostructures. Unlike silica particles or spin column,
large DNA molecules can bind to the
hierarchical silica Nanobind without
fragmentation. This technology enables the extraction of large amount
of DNA with ultrahigh molecular
weight in a rapid process. We have
explored the parameters that affect

the fabrication of the silica Nanobind,
characterized the performance of
DNA extraction, and demonstrated
DNA long-read sequencing of the
extracted DNA with Pacific Biosciences single molecule, realtime
(SMRT) sequencing technology.
DNA extraction techniques is becoming a limiting factor for advanced
DNA sequencing. Conventional DNA
extraction methods, especially the
popular silica-based solid phase
extraction, tend to shear DNA into
small fragments and hinder their
usage in long reading length sequencing. We have developed a
simple thermoplastic silica nanomaterial that consists of hierarchical
layering of micro and nanoscale silica.
This novel material creates large
surface area, has large DNA binding
capability, and enables the extraction
of DNA with ultrahigh molecular
weight. We have demonstrated long
reading length DNA sequencing with
the extracted high-molecular weight
DNA up to 5.7 Mb.
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Understanding the environmental durability
of intumescent coatings on steel structures
When unprotected steel structures
are exposed to fire, the temperature
of such structures increases rapidly
causing the deterioration of mechanical properties and even possibly
failure. Intumescent coatings are
widely used to protect such steel
structures. However, these intumescent coatings have been shown to
have poor environmental resistance,
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which in turn severely effects the
subsequent fire performance. In this
work, we have explored to understand the mechanisms behind this
process by studying the chemical
interactions of coating with weath ering elements and the kinetics of the
leeching of additives. This knowledge
is critical to expand the applicability
of intumescent coatings.
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Prof. Jin is currently in the College of
Textiles and the leader of Department
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programs focus on the development
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Comparing accuracy of the methods of the
polytetrafluoroethylene fiber linear density
measurement
There are various test methods applied
to measure mean linear density of PTFE
split-film fibers. The measured results
vary with respect to computation
mechanisms, measurement parameters,
and morphology and inherent properties
of fibers. Five test methods and an
assumption calculation were introduced
to evaluate the linear densities of PTFE
fibers. The experimental results show
that gravimetric method generated the
highest linear density, followed by cross
section method, theory calculation,
air-flow measurement, assumption
calculation, and vibration method.
Statistical analyses indicated that actual
mean linear density of the PTFE
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split-film fibers is in the effective range
between the maximum and minimum
fineness obtained from the theory and
assumption calculation, respectively.
Linear density of the PTFE split-film fiber
tested via gravimetric method, cross
section method and vibration operation
were significantly different with the
effective range. In case of air flow
experiment, mean linear densities
measured at high porosities are in high
accordance with the actual fineness.
The air flow method offers a short time
to reliably measure mean linear density
of PTFE split-film fibers under
appropriate text conditions.

DAY 01

Biography

Amarchand Sathyapalan
Metallurgical Engineering,
University of Utah, USA

Amarchand Sathyapalan, Research Assistant Professor, University of Utah, USA is
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Fine-tuned molecules as sensors,
organic thin film transistors, molecular
electronics and extraction
Proper selection and fine tuning of
organic molecules have wide
applications in materials science,
metallurgy, biotechnology and related
fields. Hydroxamic acids, calixares,
crown derivatives, calix- crown hydroxamates, Schiff bases, perfluro
compounds,
bromothiophene
acetonaphthone tungstates, acetonephthophenyl ether propiono hydroxyl
tungstates, undecenyl phenyl ethers,
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pentacenes and porphyrenes for
sensing, organic thin film transistors,
molecular electronic devices and
even virus detection. The ease of
incorporation onto flexible substrates
and fabrication of low cost platforms
makes this approach as a viable
alternative for currently existing
technologies. In addition to this, a low
cost chemical extraction of titanium
from ilmenite will also be discussed.
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I received my B.Eng and M.Eng from
Huazhong University of Science and
Technology in Wuhan, China in 2007
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as a Research Associate in Nanyang
Technological University (NTU) in 2010
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Genome Engineering,
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School of Materials Science
to pursue my PhD degree under the
and Engineering,Wuhan
supervision of Prof Wong Chee How in
University of Technology,China
the School of Mechanical and Aerospace Engineering in NTU. My Ph.D.

Bei Li

After that, I joine d the Institute of
High Performance Computing, A*STAR.
Since Dec. 2015, I become an Associate
Professor in the School of Materials
Science and Engineering, Wuhan
University of Technology. My current
research interest focuses on understanding and predicting the nanostructures
and behaviors of macromolecules and
bimolecular systems such as polymers,
proteins, and lipid aggregates, as well as
nanomaterial such as grapheme and
CNT, in terms of first principle calculation
and molecular dynamics simulation.

A structure and thermodynamic
properties-consistent coarse-grained model
for random copolymer system
Molecular characterizing of random
copolymer systems at large timescales is significantly important in prediction and advancing understanding
of materials properties and phenomena. In this work, we proposed a
hybrid structure and thermodynamic
properties-consistent coarse graining
method to develop a quantitative
coarse-grained (CG) model for perfluoropolyethers (PFPEs). Compared
to simplistic traditional ones, the
novel CG model represents essential
physiochemical details of the molecules, being able of constructing realistic PFPE systems with stochastic
distributions of chain lengths and
sequences of backbone groups of
interest. The bonded potentials were
derived via iterative Boltzmann inversion by reproducing the distributions
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of bond distances and angles from
the reference atomistic simulations. A
new analytical form based on multicentered Gaussians was then introduced for the first time to represent
the resultant tabulated bonded potentials well. Moreover, the non-bonded
potentials were denoted by the 12-6
Lennard-Jones (LJ) potentials and
the LJ parameters were devised by
directly matching the temperaturedependent density and surface tension of the CG models and the
experiments. The transferability of
the CG potentials to target PFPEs
with higher molecular weights was
also validated. The hybrid method in
this work is of particular value and
provides a guideline in developing
analytical and quantitative CG potentials for random copolymers rationally.
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Japan Society for the Promotion of
Science (JSPS), Japan, and “Shanghai
Pujiang Program”, China.

Enhancement of mobility and reliability in
InGaZnO thin-film transistors by Process
optimization
Recently, amorphous indium -galliumzinc–oxide (a-IGZO) thin-film transistors
（TFTs）have attracted considerable
attention because of their potential
applications in flexible and transparent
electronic devices with good electrical
uniformity, high field effect mobility,
visible light transparency and low
processing temperature [1-5] . However,
the field-effect mobility of the device is
still low, and most of the annealing
process temperatures are above 400。C.
Undoubtedly, it will limit the wide application of the high performance a-IGZO
TFT in the field of flexible devices. In
this talk, we will talk about our recent
results of IGZO TFTs: (1) The O 2 incorporation during IGZO film deposition could effectively reduce the
oxygen vacancies in IGZO films, thereby

reduce the carrier concentration and
the defect density in the films, and
improve the electrical properties of the
devices; (2) Regarding the unannealed
a-IGZO TFT with ALD SiO 2 gate
insulator, it exhibited a quite high fie
le effect electron mobility of 63.6
cm2V-1s-1, a low threshold of -0.24V,
a small subthreshold swing of 0.20
V/dec and a large on/off current ratio
o f ~1 0 8 . Meanwhile, it demonstrated great stability under bias stress
and illumination; (3) Compared with
the IGZO TFT with single Al 2 O3 insulator, the electrical characteristics
and the bias stability of the device
were significantly improved by the
SiO2 buffer layer insertion between
IGZO and AI 2O3.
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USA, in 2006, under supervision Prof.
Mark Jarrell. He worked as a postdoctoral research associate (20062008) at Physics Dept. of University of
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Moreno). He is currently a permanent
faculty member of the Deparment of
Physics, Universitas Indonesia. Dr.
Majidi’s main research interest is modeling of strongly-correlated systems, such
as manganites, cuprates, and dilute
magnetic semiconductors, and recently,
also graphene and quasi 2D materials.
He uses the method of Dynamical Mean
Field Theory (DMFT) and other manybody techniques, to study effects of
electron-electron and electron-hole interactions revealed in optical responses of
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A modeling prespective on the recently observed
new plasmons in mott-like insulating oxides
Recent experimental studies on families
of strontium niobates [1] and cuprates [2]
have revealed a new kind of plasmons in Mott-insulating-like phase.
These plasmons are qualitatively
different in nature as compared to the
conventional plasmons commonly found
in metals. In both Mott-insulating-like
oxide families, such local plasmons are
believed to arise due to strong
electronic correlations. In the strontium
niobate family, the strong electronic
correlations leading to the appearance
of local plasmons are believed to be
induced by some charge confinement
imposed by oxygen plane blockade in
thin-film samples [1] . This may suggest
that imposing confinement by another
means, such as by makingthesample in
References
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2. Xinmao Y. et al. (manuscript under review).
3. van Loon, E. G. C. P. et al Phys . Rev. Lett. 113, 246407 (2014).
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powder form may result in similar
effect. Meanwhile, in cuprate family [2]
the electronic correlations are believed to be already suffiently strong
to lead to formation of local plasmons
without confinement, consistent with
prediction by a previous theoretical
study [3]. In this talk I will present our
phenomenological semiclassical
modeling, with a hypothesis that the
confined electrons transform into
heavy localized quasiparticles, yielding
calculation results agreeing with the
experimental optical data in Ref. [1]. To
gain more physical insight, I will also
discuss further microscopic modelings,
based on Hubbard model, applicable to
confined and extended Mott-insualtinglike systems.
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peer-reviewed journals. His current research
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the interplay between these properties in
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Coexistence of ferroelectricity & two-dimensional
electron gas
Progress in electronic devices imposes more
and more stringent requirements on the miniat-

while ferromagnetism is usually a result of
partially filled d orbitals (Ramesh&Spaldin,

urization process, which is impeded by problems such as quantum and thermal effects.

2007; Valencia et al., 2011). On the other hand,
the coexiste nce of ferroelectricity and

These problems can be circumvented by

conductivity, which are two fundamental pro-

employing multifunctional materials, which

perties in condensed matters and electronic

possess multiple distinct properties in a given
size (Tsymbal et al., 2012; Zubko et al. 2011;

devices, remains elusive (Wang et al., 2012;
Kolodiazhnyi et al., 2010). Here, we show the

Ramesh & Spaldin, 2007; Salje, 2010) .Ideally
one would expect to integrate as many properties

coexistence of ferroelectricity and two-dimen-

as possible in a single system. However, some of

Ba 0.2 Sr 0.8 TiO 3 (BST) thin films at the

these properties are mutually exclusive. In this
context, oxide interfaces provide a fertile ground

The 2DEG is introduced into ferroelectric BST

for multifunctional integration because the

thin films by interfacial electronic reconstruction

sional electron gas (2DEG) in ferroelectric
LaAlO 3 /Ba 0.2 Sr0.8 TiO 3 (LAO/BST) interface.

delicate balance between spin, orbit, charge and

at LAO/BST interface similar to that of LAO/STO

lattice degrees of freedom in oxides can be easily

(Ohtomo & Hwang, 2004; Liu et al., 2013). The

destabilized with relatively small stimuli.

ferroelectricity of BST thin film of ~3.2 nm is

Ground-breaking examples are the coexistence of

preserved wi th a two-dimensional carrier

ferromagnetism and superconductivity at the

density of ~0.05 electron per unit cell (e/uc).

LaAlO3 /SrTiO 3 (LAO/STO) interface although
ferromagnetism is expected to destroy the pairing

The general concept of exploiting mutually
exclusive properties at oxide interfaces via

interaction responsible for superconductivity (Li
et al., 2011; Bert et al., 2011), and the
coexistence of ferromagnetism and ferroelectricity at Fe / BaTiO3 interface although
ferroelectricity normally requires empty d orbitals

interfacial electronic reconstruction may be
applicable to other strongly-correlated interfaces,
thus opening windows to new functional
nanoscale materials for applications in
novel nanoelectronics.
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Theoretical insight into the mechanism of
photoelectrochemical oxygen evolution
reaction on BiVO4 anode with oxygen vacancy
Oxygen evolution reaction (OER) is the

site for PEC water splitting and the number

limiting step in a photoelectrochemical
the effect of oxygen vacancies (VO) on

of the active sites are greatly increased by
inducing oxygen vacancies. Second, the
adsorption energies of H2 Oads , OH ads and

BiVO4 photoanode for PEC water splitting is

Oads are higher in the presence of VO,

studied using first-principles calculations.

which implies enhanced hole transfer from
the photoanode surface to the electrolyte.

(PEC) water splitting process. In this paper,

The results indicate that the holes transfer
at the electrode/electrolyte interface plays a
defining role in determining the surface

The change of Gibbs free energy indicates a
high possibility of spontaneous charge

catalytic activities, and thus functional

transfer to the electrolyte, facilitating OER

characteristics of BiVO4 photoanode. There

on surfaces with V O. These results provide

are two main reasons behind the

important insights into the roles of V O on

enhancement of OER on the surface of the

BiVO 4 surface for photocatalytic reactions.

photoanode. First, the V site is the active
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Spin-orbitronics: spin-orbit effects in 2D
electrongasattopologicalsurfaceand
Rashba interface
Classical spintronic devices use the
exchange interaction between conducting spins and local spins in
magnetic materials to create spin polarized currents or to manipulate
nanomagnets by spin transfer from
spin-polarized currents. A novel direction of spintronics, called spin orbitronics [1] , exploits the spin orbit
coupling in nonmagnetic materials
instead of the exchange interaction in
magnetic materials to generate, de tect or exploit spin-polarized currents.
This opens the way to spin devices
-

made of only nonmagnetic materials
and operated without magnetic fields.
The spin-orbit effec ts allow the conversion of charge current into spin
current (or vice-versa), by the spin
Hall effect in bulk materials or by
similar effects in two dimensional
electron gas at Rashba oxide inter
faces or in topological insulator
surfaces. In this talk, I will introduce
our recent works on spin orbitronics
with oxide interfaces and topologicalinsulator surfaces.
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Optimization of metallic skyrmion-based
racetrack memory by overcoming clogging
and annihilation of skyrmion signals
Magnetic skyrmions are promising On the other hand, by adding high-k
building blocks for next generation materials (materials with high magdata storage due to their stability, netic crystalline anisotropy) at the
small size and extremely low currents edges, the skyrmions can be conto drive them [1,2] . Skyrmion-based fined in the center region of the
metalic racetrack memory has po - metalic racetrack successfully [4,5] .
tention to replace traditional domain This design can overcome the prowalls to store information as data bits, blems of both clogging and anin which, however, skyrmions can niliation according to our micromagdrift from the direction of electron flow netic simulation. As a result, skydue to the Magnus force. In addition, rmions can pass the right end of the
skyrmion-edge effect at the end of racetrack efficiently at a very high
the racetrack can cause the clogging speed (100 to 300 m/s), whereas the
of the skyrmions at the end of the driving current is much smaller in
racetrack [3] . Here we show that the comparison with other racetrck design.
clogging of skyrmion signals can be This work is supported by Natural Science
avoided by by adding various kinds of Foundation of China (51771127, 51571126,
notch at the end of the racetrack [ 3 ] . 51772004).

References
AFert, N Reyren, V Cros, Nature Reviews Materials , 2, 17031,
Wiesendanger, Roland, Nature Reviews Materials , 1, 16044, (2016).
X.C. Zhang, G. P. Zhao,H. Fangohr,et al., Sci. Rep. 5,7643, (2015).
N. Ran, G. P.Zhao, H. Tang, et al., AIP Advances ,7 (2) , 025105,(2017).
5. P.Lai, G. P. Zhao, H. Tang, et al.,Sci. Rep. 7, 45330.( 2017).

1.
2.
3.
4.

33

DAY 02

Biography

Enjia Ye
School of Science,
Jiangnan University, China

Ye En-Jia is Associate Professor at
School of Science , Jiangnan University.
He is also one of the members in
Jiangsu Provincial Research Center of
Light Industrial Optoelectronic Engineering and Technology, China. He
received Ph.D from Zhejiang University,
China. Subsequently he worked at
School of Science, Jiangnan University,

China. His interests focus on using
theory and modeling as tools to study the
relationship between structures and
electronic transport properties of 2D
materials, by employing tight-binding
approach and Green’s function method.
He has published over 20 refereed
journal papers, and delivered over 5
invited talks or lectures.

Electronic transport in TMDs nanoribbon
systems
Monolayer group-VIB transition metal
dichalcogenides (TMDs), with chemical composition of MX2 (M=Mo, W;
X=S, Se), have recently emerged as
a new class of direct-gap 2D semiconductors with appealing optical
properties and rich spin physics.
Besides the thin, steady structure
and high mobility of electrons, the
spin and valley polarizations as well
as optical interband transitions can
be driven by the inversion symmetry
breaking and the strong spin-orbit
coupling in TMDs system. By employing the three- band tight-binding

approximation and nonequilibrium
Green’s function method, we study
the properties of electronic transport
in TMDs nanoribbons with zigzag and
armchair edges. The edge structure
and geometric configuration have
important influence on electronic
transport. Electronic transport of the
TMDs nanosystems are also presented with considering the effect of
magnetic field and magneto-optical
absorption. These properties are
believed to be useful for future nanodevice application.
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Electrocatalytic oxygen evolution at
surface-oxidized multiwall carbon nanotubes
Large-scale storage of renewable
energy in the form of hydrogen (H2 )
fuel via electrolytic water splitting
requires the development of water
oxidation catalysts that are efficient
and abundant. Carbon-based nanomaterials such as carbon nanotubes
have attracted significant attention for
use as substrates for anchoring
metal-based nanoparticles. We show
that, upon mild surface oxidation,
hydrothermal annealing and electrochemical activation, multiwall carbon
nanotubes (MWCNTs) themselves
are effective water oxidation catalysts,

which can initiate the oxygen evo lution reaction(OER) at overpotentials
of 0.3 V in alkaline media. Oxygencontaining functional groups such as
ketonic C=O generated on the outer
wall of MWCNTs are found to play
crucial roles in catalyzing OER by
altering the electronic structures of
the adjacent carbon atoms and
facilitates the adsorption of OER intermediates. The well-preserved microscopic structures and highly conductive inner walls of MWCNTs
enable efficient transport of the electrons
generated during OER.

References
1. Lu, X.Y. (2015) Journal of The American Chemical Society, 137, 2901-2907. DOI: 10.1021/ ja509879r.
2. Yim, W.L. (2009) Journal of Physical Chemistry C,113, 17636-17642. DOI: 10.1021/ jp908089c.

35

DAY 02

Biography

Xi Zhu
The Chinese University
of Hong Kong, Shenzhen

Dr Zhu Xi obtained his bachelor degree
of physics in the Special Class for the
Gifted Young (SCGY) and Hefel National Laboratory for Physical Science
at the Microscale, University of Science
and Technology of China (USTC) in
2006, and Ph.D. in materials modeling
in Nanyang Technological University
(NTU), Singapore, 2011. He works as a
research fellow in school of materials

science and engineering in NTU now.
His research interests focus on the
understanding the experimental phenolmena by computational modeling in
condensed matter physics, including
the nature of chemical bonds and
electronic structure of excited states in
nanoscale materials, the room temperature cold welding of noble metal and
the design of smart materials.

Chiral pentagon only diamond-like structures
Two novel full carbon chiral enantiomers, the CHiral Pentagon Only
Diamond- like Structures (CHIPODS)
are predicted with space groups
P6122 and P6522. The enantiomers
can be generated by interlayer
covalent bonds in multilayer pentagraphene. Both structures are energetically more favorable than their
precursor, pentagraphene. The crys tal structures of CHIPODS exhibit
intriguing three-dimensional space
filling only with pentagons. The mass
density (3.24 g/cm3) of CHIPODS is

lighter than that in diamond (3.51
g/cm3 ). CHIPODS is a semiconductor with a bandgap of 5.7 eV,
comparable to diamond’s gap (5.5
eV). Moreover, the tensile and shear
strain-stress simulation results demonstrate that CHIPODS are harder
than the diamond in the means of
ideal strength. This work highlights
the importance of structural trans formation from carbon-layered structures to novel carbon allotropes,
similar strategy can be applied to
other two-dimensional materials.

References
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Calculations of optical properties of fullerenes
in agregate state: some drawbacks of TD-DFT
and of the dipole approximation and how to
circumvent them
Calculations of optical properties of
molecules and crystals are important for
modeling and design of materials for a
range of technologies, from solar cells to
organic emitters to sensors. Commonly
used methods to compute optical properties
based on DFT (density functional theory) -

that is strong underestimation of excitation
energies with GGA functionals, another is
artificial redshift of computed spectra of
large molecules or molecular aggregates.
On the example of C60 molecule, clusters,
and solid, we show failures of TD-DFT and

time dependent DFT, often used for

the dipole approximation. We explore an
alternative approach which does not

molecules and clusters, and the dipole

depend explicitly on Kohn-Sham orbitals.

approximation, often used for solids - suffer

We show that this approach is less

from significant errors having to do with

sensitive to the specific DFT setup than
(linear response) TD-DFT and the dipole
approximation.

reliance on orbital energies and shapes, as
they critically depend on integrals over
overlapping orbitals. One consequence of
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(B.Eng),materials science and engineering
(M. Eng),and physical chemistry (Ph.D.).He
also worked in the industry as a product
engineer (semiconductor), a research
engineer (optics), and a research associate
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Dr. Liu Xiaogang’s current research
interest is to study the fundamental
structure-property relationships of organic
fluorescent dyes and sensors. Based on
such knowledge, he is developing novel
fluorophores and sensors with enhanced
performance. His long-term research vision
is to set up a complete set of molecular
design rules and shift the chemistry of
fluorophores from trial-and-error to molecular engineering, via active collaborations with various scientists in this
field.

Molecular design of fluorescent dyes with
enhanced brightness and photostability
Advanced fluorescence imaging
demands fluorophores with enhanced
performance (i.e., improved brightness and photostability). To rationally
develop these high-performance
dyes, it is imperative to shift the
chemistry of fluorophores from “trialand-error” to molecular engineering,
such that one gains ultimate abilities
to “design” tailored fluorescent pro perties to suit a given application. To
this end, we use both “bottom-up”
and “top-down” approaches to sys tematically summarizing molecular
design rules. In the “bottom-up” approach, we employ quantum chemical
calculations and experimental characterizations to understand the
molecular origins of a particular dye,
before generalizing such knowledge

to a wide range of compounds. In the
“top-down” approach, we perform
“data mining” in chemical databases
and search patterns between molecular structures and their properties;
subsequently, we validate these
patterns using quantum chemical
calculations, and thereby generate
molecular design rules. In this talk, I
will present two examples of our
recent work on (1) enhancing fluorophore brightness and photostability via limiting the formation of
twisted intramolecular charge transfer
(Liu et al., 2016) and (2) improving
two- photon emission properties by
employing the second absorption
band in the two-photon absorption
spectra of fluorophores (Zhou et al.,
2017).
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Design of a high sensitivity surface plasmon
resonance sensor using hybrid plasmonic
nanostructures arrays
hybridization of the SPR and CPR modes in the
proposed PNSs with metallic-dielectric

We have proposed a novel approach to the
design of plasmonic nanostructure (PNS) arrays
which can provide simultaneously high tunability,
sensitivity and compatibility. The influences of
the structure and the material parameters, the
density of the PNSs in a unit cell, the surface
plasmon resonances (SPRs) and cavity plasmon

E-field confinement and the control over the

resonances (CPRs) on the sensing performance

500 nm/RIU, as well as, a high tunable feature

of near-field intensity and the transmittance

in the range of UV, visible and near-infrared. In

spectra are investigated by using 3-D finite
element method (FEM). By controlling the

addition, a narrow bandwidth and nearly zero

permittivity of dielectric media and Ag-shell

can be achieved by a denser arrays of PNSs

interface, the results show the subwavelength
tuning and sensitivity of PNSs for sensor
applications. The proposed PNSs can be
operated as a RI SPR sensor with a sensitivity of

transmittance along with a high absorptance

thickness in the PNSs, the plasmonic

arranged in the unit cell. Moreover, new

hybrid modes excited on the PNS array can

phenomena arising from the interaction of SPs

be manipulated and this leads to support mul-

and the specific material characteristics may be

tiple resonance modes which are represented

found in these PNS systems. The potential for

as sharp and deep transmittance dips. This

bonding-mode resonance operation in

feature is practically unachievable in all-metal or

conjunction with deep-subwavelength mode

all-dielectric photonic systems. The PNSs

sizes suggests the application the proposed

investigated here have enabled the integration of
structured metallic/dielectric nanosphere and
nanorod in a single structure. By controlling the

PNSs for both fundamental studies and practical applications in the field of plasmonics.
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Modulation of photogalvanic
photocurrents in graphene and 2D
semiconductors
Helicity dependent photocurrent in
monolayer graphene has been the
subject of intense debate, and was
recently ascribed to the photon drag
(PDE) and the circular photogalvanic
effects (CPGE) [1]. Here we report the
experimental determination of the
photocurrent response of bilayer graphene and 2D semiconductors as a
function of light intensity and state of
polarization, as well as carrier density
and polarity. The bilayer graphene
data show qualitative features in
common with the photocurrent that is
expected to arise from the PDE and
the CPGE, as seen in monolayer gra phene except an anomaly which
seems to have an origin similar to the
CPGE[2]. In addition, we investigated
References
1. Jiang C. et al. (2011) Phys. Rev. B, 84, 125429.
2. Eginlgil M. etal. to be submitted.
3. Eginlgil M. etal. Nat.Commun .,6,7636,2015.
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the excitonic physics of a valleytronic
2D semiconductor with high valley
polarization, by light helicity dependent photocurrent. We demonstrate
that large photocurrent dichroism can
be achieved, due to the CPGE upon
resonant excitations [3]. Also we observed anomalous linear photogalvanic effect in a 2D semiconductor
sample which could be attributed to
spin polarization at the edges. These
results highlight the richness of
photoresponse in graphene and 2D
semiconductors, providing an oppo rtunity to establish light helicity as a
means to manipulate the photoconductive behaviour of future 2D
optoelectronic devices.
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Driving dynamic colloidal assembly using
eccentric self-propelled colloids
Designing protocols to dynamically direct
the self-assembly of colloidal particles has

trajectories of different active particles can
overlap each other while passive particles

become an important direction in soft

are depleted from the dynamic trajectories

matter physics because of promising
applications in the fabrication of dynamic

of active particles. Our results suggest that
this is in analogy to the entropy-driven

responsive functional materials. Here,

demixing in colloid–polymer mixtures, in

using computer simulations, we found that
in the mixture of passive colloids and

which polymer random coils can overlap
with each other while depleting the

eccentric self-propelled active particles,

colloids. More interestingly, we find that by

when the eccentricity and self-propulsion

fixing the passive colloid composition at a
certain value with increasing density, the

of active particles are high enough, the
eccentric active particles can push passive
colloids to form a large dense dynamic
cluster, and the system undergoes a novel

system undergoes an intriguing re-entrant
mixing, and the demixing only occurs
within a certain intermediate density

simulations show that the dynamic

range. This suggests a new way of
designing active matter to drive the

demixing occurs when the eccentric active

self-assembly of passive colloids and

particles move much faster than the

fabricate dynamic responsive materials.

dynamic demixing transition. Our

passive particles such that the dynamic
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Simple and flexible model for laser-driven
antibody- gold surface interactions:
functionalization and sensing
Interactions between biomolecules and
between substrates and biomolecules is a
crucial issue in physics and applications to
topics such as biotechnology and organic

tested to reproduce the results of a
benchmark case, such as (1) gold surface
functionalization with antibodies and (2)
antibody-antigen immune-recognition

electronics. The efficiency of bio- and

function. The agreement between

mechanical sensors, of organic electronics

experiments and model prediction is

systems, and of a number of other devices

excellent, thus unveiling the mechanism

critically depends on how molecules are
deposited on a surface so that these

for antibody immobilization onto metals at
the nanoscale in various functionalization

acquire specific functions. Here, we tackle

schemes. These results shed light on the
geometrical packing properties of the

this vast problem by developing a coarse
grained model of biomolecules having a
recognition function, such as antibodies,

deposited molecules, and may open the
way to a novel coarse-grained based

capable to quantitatively describe in a

approach to describe other processes

simple manner essential phenomena:
antigen–antibody and antibody substrate

where molecular packing is a key issue
with applications in a huge number of

interactions. The model is experimentally

fields from nano- to biosciences.

References
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Leidenfrost transition and the role of
dynamical wetting
The Leidenfrost transition leads a
boiling system to the boiling crisis,
a state in which the liquid loses
contact with the heated surface
due to excessive vapor generation.
Here, we show that the Leiden dfrost transition can be predicted
using the observed competition
between two effects: separation of
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liquid from the heated surface due
to localized boiling and rewetting.
We extend our study on the
relation between rewetting and the
Leidenfrost transition to other
situations in which the Leidenfrost
transition is controlled by chang ing the wetting speed on boiling
substrates using nano-structures.
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Strain-controlled switching of hierarchically
wrinkled surfaces between
superhydrophobicity and superhydrophilicity
Recent years have witnessed intense
interest in multifunctional surfaces
that can be designed to switch
between different function states with
various external stimuli including
electric field, light, pH value. Our
studies are aimed to explore whether
and how a surface can be designed
to switch among multiple function
states in a pure mechanical manner.
Based on well-established theories of
structure buckling and solid–liquid
contact, we show that this objective
may be achieved through a hierarchically wrinkled surface, which can
be produced via sequential mechanical buckling upon release of
prestrains in a multilayer system. We
derive general recursive relations for
the apparent contact angle at differ-

rent levels of the hierarchical surface
and investigate the thermodynamic
stability of different contact states. It
is shown that such a surface possesses multiple function states such
as superhydrophobic, hydrophobic,
hydrophilic, and super hydrophilic
states associated with wettability, as
well as weak and strong sticky states
associated with adhesion. Furthermore, all these function states are
hopefully able to be repeatedly and
reversibly switched by applying differrent levels of tensile strain on substrate. The multifunctional surface
should have great promises for a
wide range of potential applications
including water harvesting, reversible
adhesion, self-cleaning, microfluidics,
and biomedical engineering.

References
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Ultrasonic removal of Micro/Nanoscale
particles using acoustic streaming
A removal method of micro/nanoscale particles in submillimeterdiameter area at the interface
between an aqueous suspension
droplet and silicon substrate
surface around a selectable point
is proposed and demonstrated. It
employs the acoustic streaming
generated by an ultrasonically
vibrating micro manipulating probe
(MMP). The operating frequency
of the device is 124.5 kHz, at
which the micro manipulating probe oscillates approximately linearly. The experiments show that
micro-scale particles with a dia-
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meter of 3 -5 μm and nanoscale
particles with a di-ammeter of
300-500 nm in submillimeterdiameter areas can be removed in
about 1.5 min. The principle of the
cleaning method is analyzed by
measuring the device’s vibration
mode and computing the threedimensional (3D) acoustic streaming field around the MMP by the
finite element method (FEM). The
diameter of cleaned area versus
sonication time is clarified by
experiments as well as the stable
diameter of cleaned area versus
vibration velocity.
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Acoustic streaming field in the
probe-liquid-substrate system
The probe- liquid -substrate system,
in which a micro manipulation
probe (MMP) is inserted into a
liquid film of nano suspension on
a substrate, is very useful in nano
manipulations. With the MMP’s
vibration, a 3-dimensional (3D)
acoustic streaming field around
the MMP is generated, which has
been used to trap, transfer and
rotate nano entities in the liquid
film. In this work, the 3D acoustic
streaming field in a probe-liquidsubstrate system for the contact-
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type trapping of individual nanowires is numerically investigated
by the finite element method. The
computational results show that
the MMP root’s elliptical vibration
can generate an acoustic streaming field capable of trapping a
single nanowire in the contact
mode. This conclusion can well
explain the experimental pheno mena that the MMP can trap a
single nanowire at some frequencies and cannot at others.
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Terahertz microbolometer arrays for biomedical
imaging
Terahertz waves lie in the region from
300 GHz to 3 THz (wavelength: 100
µm to 1 mm). Electromagnetic wave with
frequency range ~ 1 THz, because of its
transparency to many non-polarized
materials and finger-print spectral bands
of organic- and biomacromolecules, is
important for non contact and nondes
tructive sensing in various applications.
Diverse technologies are using these
frequency bands for ultrahigh-speed
wireless communications, imaging, and
materials analysis. There are several
exciting applications of THz spectroscopy
and imaging e.g. non-contact and remote
inspection of concealed weapons, explosives for homeland security, examination
of defects and foreign objects in edibles.
Another exciting aspect is the development of THz imaging devices,
techniques and instruments for biome dical applications for disease diagnostics at a level of cellular processes and
tissues, including cancer signature study,
diagnosis of tumors, by thermography
and imaging. meter Other various
biomedical applications of THz range
from studying biomolecules, including
analysis DNA/RNA, amino acids/peptides,
-

-
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proteins, and carbohydrates etc. However, the present ability of THz technology is still inadequate for actual use in
large scale. The overall performance in
terms of sensitivity and speed of
measurements is unsatisfactory and the
manufacturing cost of even the basic
devices is not commercially viable.
Farther research and development of the
sources, detectors, optical elements and
measuring techniques as well as sensing
systems are crucial for extending the
utilization of THz waves. Among lot of
issues, the current study of details with
THz detectors and detection systems
with promising results in terms of high
performance in sensitivity and responding speed, convenience in handling
and prospective low-cost development.
Microbolometer is a radiation detector for
infrared (IR) and terahertz (THz) waves.
The current report is on the detailed
investigation of the materials properties,
design requirement and device performance aspects, for the fabrication of
uncooled antenna-coupled terahertz
microbolometer arrays to be used for
biomedical imaging applications.
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3D nanoporous gold derived from Au-based
metallic glass and new Co-based glassy
materials
Nanoporous gold (NPG) with bicontinuous ligaments and pores
structure has promising potential in
functional applications, among which
one prominent example is fuel cell
electrocatalysts. However, current
application of NPG is mostly limited to
methanol electro -oxidation (MOR) due
to its weak catalytic performance. Here
we report a simple chemical dealloying
process for generating peculiar threedimensional (3D) free-standing NPG
with „parting limit‟ as low as 25 % (lower
than theoretical „paring limit‟ 55 %) and
high specific surface area (maximum
2
1
≈ 31 m g − ) associated with a novel

porous „cone shaped protrusion‟
morphology. This NPG structure possesses the highest specific activity of
MOR catalytic performance reported
NPG catalysts so far. In addition, taking
advantage of this excellent structural
feature of the NPG, a nanoporous Pd
catalyst (NPG@Pd) thin film was
fabricated on the NPG substrate, which
exhibited greatly enhanced MOR
performance (maximum MOR specific
activity 2.14 mA cm −2). Besides, we will
also take about some recent
progresses on new magnetic functional
metallic glasses materials and devices
as well.
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Ultrafast fiber lasers and their applications
Ultrafast fiber lasers have been
applied inmany fields, such as
military, medicaltreatment,
communications, and industrial
processing. Fast emerging
research areaof ultrafast fiber
laser and novel 2-Dmaterials for
the ultrafast photonics isreported.
Some progresses in the field of
ultrafast fiber lasers, such as the
dissipative soltion resonance in

fiber laser,near-transform-limited
pulse generation in Yb-doped fiber
laser, self-compressionpulse in
Tm-doped fiber laser, and the
carbon material based material for
theultrafast photonics are also
reported. Inaddition, High-power
pulsed fiber lasersand supercontinuum generations as well as
their applications are discussed
in this work.
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Multi-parameter measurement based on
Photonic Crystal Fiber Filled with functional
materials
Photonic crystal fiber (PCF) based
sensors have played an important
role in both fundamental and applied
research during recent years due to
their special optical properties and
excellent sensing abilities which
other fibers cannot achieve. Some
multi-parameter measurement methods are proposed with the development of the manufacturing process
and filling technique. Some special
functional materials are sensitive to
the external physical parameters,
such as temperature, magnetic field,
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transverse-stress and curvature. Our
simulations show that the variation of
external physical parameters can
change the refractive index of the
filled materials, and produce a
resonant wavelength-shift directly.
The multi -parameter measurement
can be realized just by monitoring the
corresponding peak -shifts. More
interestingly, multi-parameter measurement also can be achieved
through directional coupling, Surface
Plasmon Resonance (SPR), or fiber
gratings.
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Achieving high spatial resolution EDS
analysis in SEM and TEM
Conventional energy dispersive X- ray
spectrometry (EDS) based on silicondrift detector in the field -emission
scanning electron microscope (SEM)
is difficult to deliver nanoscale
elemental characterization as small
as 50nm[1]. This has limited the
further application of EDS technology
into the field of semiconductor and
electronics devices that continue to
decrease in size to improve performance. To achieve higher spatial
resolution, a new windowless EDS
detector was designed, which was
optimized to work at the conditions

typically used for high resolution SEM
imaging. Three significant developments with regard to sensor size,
detector geometry and low-noisy
electronics were made. Using the
new detector, structures for the bulk

devices with sub-20nm length scale
are successfully analyzed in the SEM.
The similar windowless EDS detector
for transmission electron microscopy
(TEM) also developed using the
same idea. Results from the new
EDS for TEM also show better spatial
resolution in the spectrum images.

References
1. Burgess, S., Li, XB., & Holland, J. (2013). Microscopy and Analysis, 27(4), S8-S13.

51

Ultrasonic Removal of Micro/Nanoscale Particles Using Acoustic
Streaming
Pengzhan Liu1, Junhui Hu2
State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing University of
Aeronautics and Astronautics, Nanjing 210016, China
E-mail Address: 1pengzhanliu@nuaa.edu.cn; 2ejhhu@nuaa.edu.cn

A removal method of micro/nanoscale particles in submillimeter-diameter area at the interface
between an aqueous suspension droplet and silicon substrate surface around a selectable point
is proposed and demonstrated. It employs the acoustic streaming generated by an
ultrasonically vibrating micro manipulating probe (MMP). The operating frequency of the
device is 124.5 kHz, at which the micro manipulating probe oscillates approximately linearly.
The experiments show that microscale particles with a diameter of 3-5 μm and nanoscale
particles with a diameter of 300-500 nm in submillimeter-diameter areas can be removed in
about 1.5 min. The principle of the cleaning method is analyzed by measuring the device’s
vibration mode and computing the three-dimensional (3D) acoustic streaming field around the
MMP by the finite element method (FEM). The diameter of cleaned area versus sonication
time is clarified by experiments as well as the stable diameter of cleaned area versus vibration
velocity.
1. Introduction
The development of micro/nano manufacturing requires a technique of removing
micro/nanoscale objects from a small area around a selectable point on the surface of a
substrate in the medium such as liquid, air and vacuum, which is useful in the defect control
in nanomanufacturing, measurement of single nanoscale component, nano assembly, etc. The
existing methods to clean a surface mainly include megasonics [1], spin rinse [2], liquid
aerosol (i.e. spray) [3], solid aerosol [4], and brush scrubbing [5]. Each of them has its own
features, and can be used to effectively clean a solid surface with a macro scale. However,
their common shortcoming is that they only offer nonselective removal of contaminants. Most
of these cleaning methods suffer from large amount of material loss and damage creation to
existing structures when removing contaminants generated in some steps of micro/nano
manufacturing processes. It has been difficult to employ the existing methods to remove the
micro/nanoscale objects from a small area around a selectable point on a substrate.
The acoustic micro/nano manipulation technology utilizes the physical effects of
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ultrasound to manipulate micro and nanoscale entities [6], such as solid particles, cells,
organisms, tissues, crystals, bubbles and droplets. Diversified micro/nano manipulation
functions based on ultrasound have been implemented, which include the contact and
non-contact trapping of single micro/nanoscale objects [7, 8], 2D (two-dimensional) and 3D
(three-dimensional) transferring of trapped micro/nanoscale objects [7, 8] and controlled
rotary driving of single nanowires [9, 10]. In this work, we attempted to use the acoustic
streaming to remove micro/nanoscale particles in a small area at the interface between a
substrate and water droplet. The experiments show that micro/nanoscale particles in a
submillimeter-diameter area around a selectable point can be effectively removed by the
proposed method. The physical mechanism of the cleaning process is analyzed, and
characteristics of the cleaning method are measured.
2. Experimental setup and phenomena
Fig. 1 shows the experimental setup for the ultrasonic removal of micro/nanoscale
particles in a submillimeter-diameter area. The device used in the experiments is composed of
the piezoelectric plate, vibration transmission needle (VTN), and micro manipulating probe
(MMP). The VTN is made of nickel-plated steel (Shanghai Dongfeng Co. Ltd, China), and the
MMP is made of glass fiber (Nanjing Fiberglass Research & Design Institute Co. Ltd, China).
The piezoelectric plate made of lead zirconate titanate (P-81, Haiying Enterprise Group Co.
Ltd, China) is bonded on the VTN along the narrow side of itself by the modified acrylate
adhesive (Gleihow New Materials Co. Ltd, China). The MMP is bonded to the VTN’s tip
(point P) by the super glue (Guangzhou Zhanba Adhesive Co. Ltd, China), and parallel to the
piezoelectric plate. The width, length and thickness of the piezoelectric plate are 5 mm, 10
mm, and 1 mm, respectively. The angle β between the MMP and VTN is about 91 degrees.
The electromechanical quality factor Qm, piezoelectric coefficient d33, electromechanical
coupling factor k33, relative dielectric constant ε33T/ε0, dielectric dissipation factor tanδ and
density of the piezoelectric plate are 800, 200×10-12 C/N, 0.6, 1000, 0.5%, and 7450 kg/m3,
respectively. The VTN has a uniform diameter of 0.9 mm, and is 26 mm long out of the plate.
The MMP is 20 μm thick and 3 mm long. The resonance frequency of the device, measured
by a laser Doppler vibrometer (PSV-300F, Polytec GmbH, Waldbronn, Germany), is 124.5
kHz, at which the VTN vibrates flexurally and the piezoelectric plate vibrates at its length
vibration mode. The VTN, which is above the suspension droplet, is parallel to the substrate.
A layer of aqueous suspension droplet with a height of about 0.2 mm and a diameter of about
1 cm is dispersed on the silicon substrate by the dropper. Deionized water is used and no
bubbles are observed by the microscope (VHX-1000E, Keyence, Osaka, Japan) operating at
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an optical magnification of 500 times. The MMP is inserted into the suspension droplet, and
the distance between the MMP and substrate surface is about 50 μm, which is controlled by
the X-Y-Z moving stage (LD125-LM-2, Shengling Precise Machinery Co. Ltd, China). In the
experiments, yeast cells (Angel Yeast Co. Ltd, China) with a diameter range of 3-5 μm
(measured) and Si (silicon) nanoparticles (NPs) (Beijing DK Nano Technology Co. Ltd,
China) with a diameter range of 300-500 nm (provided by the manufacturer) were used as the
experimental samples, and the concentration of the yeast cells and Si NPs was 1.38 mg/ml
and 1.52 mg/ml, respectively. The experiments were conducted under an optical microscope.

(a)

(b)

Fig. 1. Experimental setup for the ultrasonic removal of micro/nanoscale particles in submillimeter-diameter area
at the interface between a water droplet and substrate surface. (a) Schematic diagram. (b) Photograph of the
device. The inset in Fig. 1(b) gives a magnified image of the micro manipulating probe and the tip of the
vibration transmission needle.

Images a1-a7 and b1-b7 in Fig. 2 show the cleaning process for the yeast cells and Si
NPs around the MMP on the substrate, respectively, at the sonication time of 0 s, 16 s, 32 s,
48 s, 60 s, 72 s, and 84 s. In the experiments, the driving frequency and voltage are 124.5 kHz
and 40 Vp-p, respectively. The particles were pushed outwards during the sonication, and as a
result the round-shaped cleaned areas with a quite clear boundary were formed. Images a8 and
b8 show the distribution of the yeast cells and Si NPs on the substrate after the vibrating
MMP is removed from the droplet. It is seen that the particles do not return back to the
original location after the sonication is switched off.
As depicted in Fig. 2, the boundary of the cleaned area can be divided into two types,
that is, stacking boundary (the left boundaries in images b5-b8) and non-stacking boundary
(the left boundaries in images a5-a8). In the vicinity of the left boundary of the cleaned area in
images b5-b8, there are stacks of NPs. This type of boundary is defined as the stacking
boundary. In the vicinity of the left boundary of the cleaned area in images a5-a8, there are no
stacks of the yeast cells. The corresponding boundary is defined as the non-stacking boundary.
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One of the causes of the difference in the boundaries is the size of the removed particles. Due
to smaller size, it is easier for NPs to overlap each other and stack up in the vicinity of the
boundary. Thus there is only the non-stacking boundary in Fig. 2(a). The boundary type also
depends on the acoustic streaming pattern, which will be explained in details in Section 3.

(a)

(b)

Fig. 2. (a) Removal of the yeast cells under the micro manipulating probe at a driving frequency of 124.5
kHz and voltage of 40 Vp-p. (b) Removal of the Si NPs under the micro manipulating probe at a driving
frequency of 124.5 kHz and voltage of 40 Vp-p. The sonication time for images a1-a7 or b1-b7 is 0 s, 16 s, 32 s,
48 s, 60 s, 72 s, and 84 s, respectively, and images a8 and b8 are taken after the micro manipulating probe is
removed.

3. Principle analysis
Our measurement shows that the vibration amplitude of the piezoelectric plate in the
z-direction is about 14 and 5 times larger than those in the y-direction and x-direction,
respectively. Thus the VTN vibrates flexurally in the z-direction. Fig. 3(a) shows the
z-directional vibration amplitude distribution of the VTN at 124.5 kHz and 40 Vp-p, which was
measured by a laser Doppler vibrometer. The measured vibration amplitude at point P in the
z-direction is 606.7 nm. Fig. 3(b) shows the measured distribution of the z-directional in-plane
vibration of the piezoelectric plate at 124.5 kHz and 40 Vp-p. The left and right insets in Fig.
3(b) show the deformation of the piezoelectric plate when it shrinks and extends, respectively.

(a)

(b)
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Fig. 3. (a) Measured amplitude distribution of the z-directional vibration displacement of the vibration
transmission needle along the x-direction at a driving frequency of 124.5 kHz and voltage of 40 V p-p. (b)
Measured in-plane vibration mode of the piezoelectric plate at a driving frequency of 124.5 kHz and voltage of
40 Vp-p.

In order to explain the experimental phenomena, 3D acoustic streaming field around the
MMP’s tip was computed by the finite element method (FEM). The FEM computation model
consists of the MMP, the droplet and the substrate. In the computation, the driving frequency
was 124.5 kHz, and the measured x-, y- and z-directional vibration velocity components at the
MMP’s root (=1.598×10-2∠35.1° m/s, 3.863×10-2∠-149.3° m/s and 0.4747∠36.8° m/s,
respectively) were used. For the 3D acoustic streaming field, all the boundaries are set to be
slip, which was deduced from our experimental phenomena. The computation was
implemented by COMSOL Multiphysics 4.3 software (COMSOL Inc., Stockholm, Sweden).
Fig. 4(a) and Fig. 4(b) show the computed flow patterns on the substrate surface and in
the central plane of the MMP-VTN structure, respectively, which agree with the observed one
(Fig. 4(c)) qualitatively. In Fig. 4(a) and Fig. 4(c), point O is the vertical projection of the
center of the MMP’s tip on the substrate surface. The computed results can be used to explain
the cleaning phenomenon quite well. As the acoustic streaming flows outwards from the point
O, it drags micro/nanoscale particles outwards. Due to the balance among the outward
dragging force, inward dragging force and frictional force on the particles, a boundary is
formed for the cleaned area. Comparing Fig. 2(b) and Fig. 4(a), it is known that another
necessary condition to form the stacking boundary is that there are two flows with opposite
directions at the boundary. At the right boundary of the cleaned area in Fig. 2(b), where there
is only one directional flow (Fig. 4(a)), the flushed NPs scatter on the substrate rather than
concentrate at the boundary. This is because there is no inward dragging force. At the left
boundary of the cleaned area in Fig. 2(b), where the acoustic streaming has two opposite
directions (Fig. 4(a)), the flushed NPs can stack up. Fig. 4(b) indicates that the outward flow
on the substrate comes from the downward flow under the MMP, which is part of the acoustic
streaming eddies under the MMP. Thus to form a cleaned area below the MMP, such a
downward flow is essential.
4. Characteristics and discussion
Fig. 5(a) and Fig. 5(b) show the measured diameter of the cleaned area versus sonication
time for the yeast cells and Si NPs, respectively, at four different vibration velocities at point
P. It is seen that the cleaned area became larger with the increase of sonication time in the
initial several ten seconds, and changed little after this time duration. It takes about 76 s and
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88 s for the cleaned areas of yeast cells and Si NPs to reach the stable diameters, respectively.

(a)

(b)

Fig. 5. (a) Measured diameter of the cleaned area versus sonication time for the yeast cells at four different
vibration velocities at point P. (b) Measured diameter of the cleaned area versus sonication time for the Si NPs at
four different vibration velocities at point P.

Measured stable diameter Ds of the cleaned area versus vibration velocity at point P for
the yeast cells and Si NPs is shown in Fig. 6. The stable diameter Ds is the diameter of the
cleaned area sonicated for a sufficiently long time. It can be seen that when the vibration
velocity is small, Ds for the Si NPs is larger than that for the yeast cells. This is because the Si
NPs have lower inertia than the yeast cells, and move more easily at lower acoustic streaming
velocity. However, when the vibration velocity is larger, Ds for the yeast cells is larger than
that for the Si NPs. This is because the inertia of the yeast cells is larger than that of Si NPs,
and the yeast cells can move farther when the acoustic streaming velocity is large. This
analysis indicates that the particle inertia has different effects on the stable diameter of the
cleaned area at low and high vibration velocity ranges.

Fig. 6. Measured stable diameter of the cleaned area versus vibration velocity at point P for the yeast cells and Si
NPs.
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One merit of the method proposed and developed in this work is that the removal only
occurs in a submillimeter-diameter range around a selectable point, and the removal process
does not affect existing structures beyond this small range. Another merit is that the location
of the cleaned area can be precisely controlled. Thus it may be used to remove
micro/nanoscale impurities away from the surface of interest in various micro/nano
manufacturing processes, to prevent defects caused by the micro/nanoscale impurities.
Although the cleaned area in this paper is a submillimeter-diameter spot, the method
proposed in this work can be used to remove micro/nanoscale particles along a narrow path
on the substrate if the device is moved by a controlled X-Y-Z moving stage.
5. Summary
We have demonstrated a strategy to remove micro/nanoscale particles within
submillimeter-diameter area at the interface between a water droplet and substrate. The
strategy is based on the utilization of the 3D flow field, induced by a linearly vibrating micro
manipulating probe (124.5 kHz). For the yeast cells with a diameter of 3-5 μm and Si NPs
with a diameter of 300-500 nm, it takes about 1.5 min to form a round-shaped cleaned area
with a stable diameter. The cleaning process can be conducted around a selectable point. It has
potential applications in nanosensor manufacturing, nano measurement, and nano assembly.
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Direction to the Venue: Nanyang Executive Centre
Location of Nanyang Executive Centre (NEC):

60 Nanyang View, Singapore 639673

Front gate of NEC (Guest Wing)

Side gate of NEC (Education Wing)
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How to get to NEC?
1. By taxi – give the taxi driver the detailed address will do (Nanyang Executive Centre, 60
Nanyang View, Singapore 639673)

Taxi can enter NTU through Jin Bahar (red route); or through PIE (black route); or through Pioneer
Road North (green route);

61

2. By Public transport:

Alight here

MRT map in Singapore
Step 1:
a). take MRT green line (East-West line) to Boon Lay station;
b). take MRT green line (East-West line) to Pioneer station;
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Step 2:

a). Take 179 at the Bus Interchange at Boon Lay (After exit the MRT station, enter the shopping mall
through the gate in front, the bus interchange is in the shopping mall); and alight at bus stop “Hall 2”;

b). Take free NTU shuttle bus “campus rider” at Pioneer, and alight at bus stop “Hall 2”; After exit the
MRT station, turn right and go down the steps, queue at the end of the bus stop for “campus rider”.

Queue here for
“campus rider”
Street view of the bus stop where you can wait for NTU “campus rider”

Below is the bus stop “Hall 2” and you will alight at this stop. If you are not sure where to alight, please
seek help from the bus driver.

Street view of
Bus station
“Hall 2”
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Step 3: walk from “Hall 2” to NEC

There is a bus stop on the opposite side of the road. Cross the road after you alight, you will find a link with
shelter on top behind the bus stop. Walk to the end of the link and turn right. Walk along the way and turn
right again, you would see NEC building.
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General information about Singapore
Geography
Singapore is located at the southern tip of the Malayan Peninsula between Malaysia and Indonesia with
geographical location between latitudes 1°09.N & 1°29.N and longitudes 103°38.E & 104°05.E. Situated
at one of the most important crossroads of the world, Singapore is truly a place where East and West come
together. The country has a total land area of 699 km². At present, Singapore has over 60 smaller islands
around the main island.
People
Despite its small area, Singapore is a multi-racial country. Its people are largely descendants of immigrants
from the Malay Peninsula, China and the Indian sub-continent. The population in Singapore is around 5
million with 75% Chinese, 14% Malay, 9% Indians and 2% Eurasians.
Language
The administrative Language in Singapore is English. Most people in Singapore speak fluent English.
Besides English, Mandarin and Cantonese are also widely used in their daily life. At times, you will hear
some Singlish too which is a mixture of English, Malay, Hokkien.
Weather
There is only one season – summer in Singapore. As a country with Tropical rainforest climate, the air in
Singapore is very humid (65%-90%). The year-round temperature usually falls between 24 degree and 34
degree. The weather is usually sunny with the hottest period during from April to June and while most of
the rainfalls take place during November to January.
Currency
The local currency is the Singapore dollar (SGD). Money changing services are readily available at the
Singapore Changi Airport, and at many shopping centres and hotels in the city. You may also choose to
withdraw money using major credit cards (Visa, MasterCard, American Express) from any automated
teller machines (ATMs), which can be easily found.
Food
In Singapore, you will be able to taste food from many countries. Foods in Singapore may be classified as
Chinese food, Malay food, Indian food and Western food. In Singapore, there are many hawker centers
for dining. Restaurants are usually located inside shopping malls. A good place for Chinese people to dine
is China Town.
Transport
-

Public transport is VERY convenient in Singapore. Singapore public transport include Mass Rapid Transport
(MRT) and bus. The traffic card used for MRT and bus is called EZ-link card and it could be issued at
Passenger Service Centre at each MRT station. Each card costs S$12 with S$7 stored. All MRT and buses
are with air condition. The last MRT or bus would be around 12:00 pm midnight.
Caution: Most buses in Singapore do not announce or display the coming bus station. It is highly advised to
ask the driver for help if one does not know where to alight when taking bus.

-

Uber and Grab is available in Singapore. It usually takes 5-10 mins for the driver to fetch you after
booking.
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-

Taxi is also a convenient transport tool. You could either stop a taxi along the road or call 63425222
to book a taxi. More details about taxi booking can be found at http://www.taxisingapo re.com/taxibooking/. Below are some surcharge one may pay attention:
Airport surcharge for every trip starting from Singapore Changi Airport
-

5pm to midnight on Friday, Saturday and Sunday: S$5.00;

-

All other times: S$3.00;

Peak Hour surcharge : 35% of metered fare
-

Monday - Friday, 7.00am to 9.30am

-

Monday - Saturday, 5.00pm to 8.00pm

Midnight surcharge : 50% of meter fare
-

12 midnight to 5.59am

Current call booking of taxi
-

Monday - Friday 7.00am to 9.30am & 5.00pm to 11.00pm: S$3.50;

-

At all other times including Saturdays, Sundays and Public Holidays: S$2.50;

Advance booking of taxi (at least half an hour in advance): S$5.20;

Road traffic rules
Singapore follows British Traffic rules. Pedestrians usually walk on the left side and the driving seat is on
the right of the car. Bicycle may not be a good choice in Singapore since there is no bicycle lane here. For
areas with Zebra Crossing, pedestrians could cross the street right away because cars must give way at
Zebra Crossing. For traffic light, one might be careful about those turning cars because those turning cars
are also moving when green light is on at some minor crosses.
Useful numbers in Singapore
Police: 999 (toll free);
Emergencies/Ambulance/Fire Brigade: 995 (toll free);
Singapore Tourism Board Tourist line: 1800 736 2000 (24-hr automated tourist information system; tollfree in Singapore only);

Goods and Services Tax
Goods & Services Tax (GST) is 7% in Singapore. Spend at least SGD 100 a day from a retailer to qualify
for refunds. Enjoy tax-free shopping at retailers that offer the Tax Refund service. At other retailers,
ask for GST Refund Forms and keep your receipts to get your refunds processed at the airport right before
you fly out of Singapore. Tax refunds do not apply if you’re leaving by land or sea.

Electricity
Electricity in Singapore is 230 Volts, alternating at 50 cycles per second. Outlets in
Singapore generally accept 1 type of plug: two parallel flat pins with ground pin.
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Explore Singapore
Visitors who prefer to explore Singapore on their own may find the links below useful. Most of them
provide information on getting to the place by public transport:


The Original Singapore Walks bring people into places most other tours don't. Pre-booking is not
necessary.



Explore the nature reserves in Singapore: Sungei Buloh Wetland Reserves for bird-watchers; Bukit
Timah Nature Reserve and the Southern Ridges for those who love trekking; Labrador Nature
Reserve for those who like a sea view and some history of Singapore.



Have a relaxing day in laid-back Pulau Ubin, an island that's home to Singapore's last villages or
"kampongs". At the same time, visit Chek Jawa for a piece of Singapore's ecosystems.



Visit local farms and buy some fresh produce.



Go museum-hopping or catch a performance while in Singapore.



Take in the Singapore skyline on the Singapore Flyer.



Tour the new Marina Barrage, Singapore's first reservoir in the city.



Spend a day on Sentosa Island.
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