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General Information

Nano-Micro Conference 2017 is an international conference focused on Nano-Micro Science and
Engineering. The aim of this conference is to bring together world-renowned experts, academicians,
senior scientists, industry executives and project leaders from all over the world to discuss new
developments and frontier researches in the multidisciplinary field of Nano-Micro Science and
Engineering.

Conference Chair

Yafei Zhang, Shanghai Jiao Tong University, China

Workshop Chairs

Weimin Chen, Linkoping University, Sweden

Yujie Feng, Harbin Institute of Technology, China

Genquan Han, Xidian University, China

Kazuo Kadowaki, University of Tsukuba, Japan

Chaoyang Li, Kochi University of Technology, Japan

Guang Li, Donghua University, China

Hongjun Liu, Xi’an Institute of Optics and Precision Mechanics, CAS, China
Ho Seok Park, Sungkyunkwan University, Korea

Qiquan Qiao, South Dakota State University, USA

Liqiang Mai, Wuhan University of Technology, China

Donald K. Roper, University of Arkansas, USA

Yumeng Shi, Shenzhen University, China

Kimiyasu Shiraki, University of Toyama, Japan

Kang L. Wang, University of California Los Angeles, USA

Zhenhai Xia, University of North Texas, USA

Zhangxiong Wu, Soochow University, China

Yaxin Zhang, University of Electronic Science and Technology of China, China
Jim P. Zheng, Florida State University, USA

Advisory Committee Chair

Kang L. Wang, University of California Los Angeles, USA

Scientific Program Committee Chair

Zhi Yang, Shanghai Jiao Tong University, China

Organizing Committee Chair

Mingwang Fu, The Hong Kong Polytechnic University Hong Kong SAR



Session Chairs

Teng Ben, Jilin University, China

Toshiaki Hattori, University of Tsukuba, Japan

Kazuo Kadowaki, University of Tsukuba, Japan

Atsushi Kanno, National Institute of Information and Communications Technology, Japan
Minoru Fujishima, Hiroshima University, Japan

Yanfeng Zhang, Peking University, China

Ho Seok Park, Sungkyunkwan University, Korea

Jyh-Chiang Jiang, National Taiwan University of Science and Technology, Taiwan
Zhenhai Xia, University of North Texas, USA

Xufeng Kou, ShanghaiTech University, China

Weimin Chen, Linkdping University, Sweden

Yutaka Takaguchi, Okayama University, Japan

Chaoyang Li, Kochi University of Technology, Japan

Weining Wang, Virginia Commonwealth University, USA

Kimiyasu Shiraki, University of Toyama, Japan

Giuseppina Cerrato, University of Torino, Italy

Yi Dan, Sichuan University, China

Genquan Han, Xidian University, China

XiaoYu Peng, Chongqing Institute of Green and Intelligent Technology, CAS, China
Zhangxiong Wu, Soochow University, China

Yongchun Zhao, Huazhong university of Science and Technology, China

Heqing Tang, South-Central University for Nationalities, China

Renhua Wu, Shantou University Medical College, China

Qun Zhao, The University of Georgia, USA

Registration desk hours

The Nano-Micro Conference 2017 registration desk, located outside the meeting room, will be open
during the following hours:

Data Time

Monday, June 19th 2:00pm — 6:00pm
Tuesday, June 20 7:15am — 7:00pm
Wednesday, June 21 7:15am — 7:00pm
Thursday, June 22" 7:15am — 7:00pm

If you have questions, or need assistance, please don’t hesitate to seek answer or help from the staffs in
the registration desk.



Conference Venue

Location: Shanghai Marriott Hotel Riverside, 99 Jiangbin Road, Shanghai 200023 China
Meeting Room: The third floor, MEETING ROOM 1(Room A), MEETING ROOM 2(Room B)

CONCORD ROOM

UNITY RUOM%

Al
[—
=
= = | o =
MEETING MEETING MEETING i  MEETING MEETING
ROOM 1 ; ROOM 2 ROOM3 |  ROOM4 ROOM 5

GRAND BALLROOM

PRE FUNCTION HALL




Nano-Micro Conference 2017

June 19th — June 23rd

Shanghai Marriott Hotel Riverside, Shanghai, China

Monday June 19
14:00 — 18:00

Conference On-site Registration
Location: Shanghai Marriott Hotel Riverside

Tuesday June 20
Room A

Session Al: Terahertz Technology

Chair: Toshiaki Hattori

A01: Active imaging with incoherent sub-

Naofumi Shimizu

8:00-8:25AM C . .
terahertz radiation in smoky environments NTT Device Technology Labs, Japan
A02: Manipulate the terahertz waves using Renhao Fan
8:25-8:50AM . . . o .
metallic gratings Nanjing University, China
A03: Modeling and Analysis of bow-tie
8:50-9:10AM antenna integrated resonant-tunneling-diode Hirokazu Yamakura
' ' relaxation oscillators for wireless radio Tokyo Metropolitan University, Japan
applications
A04: Coherent and Continuous Terahertz K Kadowaki
azuo Kadowa
9:10-9:35AM Emitters from High-T. Superconductor Mesa i ) " W
University of Tsukuba, Japan
structures
. . . . . Sung-Min Hong
AO05: Transient Device Simulation Usin
9:35-10:00AM £ Gwangju Institute of Science and

Deterministic Boltzmann Equation Solvers

Technology, Korea

10:00-10:20AM

Session A2: Terahertz Technology

Coffee Break

Chair: Kazuo Kadowaki

10:20-10:45AM

AO06: Terahertz semiconductor devices for
photonic applications

Hua Li
Shanghai Institute of Microsystem and
Information Technology, CAS, China

10:45-11:10AM

A07: Making structured metals transparent
for broadband electromagnetic waves

Ruwen Peng
Nanjing University, China

11:10-11:35AM

A08: Terahertz-wave parametric wavelength
conversion at room temperature

Shin'ichiro Hayashi
National Institute of Information and
Communications Technology, Japan




11:35-12:00PM

A09: Development of Small Size Terahertz
Vacuum Sources in IECAS

Wenxin Liu
Institute of Electronics, CAS, China

12:00-12:25PM

A10: Progressive in two-dimensional
materials-based terahertz detection

Lin Wang
Shanghai Institute of Technical
Physics, CAS, China

12:00-14:00PM

Lunch Break

Session A3: Terahertz Technology

Chair: Atsushi Kanno

14:00-14:25PM

A11: 300GHz wireless link with a CMOS
tranceiver

Minoru Fujishima
Hiroshima University, Japan

14:25-14:50PM

A12: Surface plasmon enhanced sub-Thz
CMOS detector array

Xiaoli Ji
Nanjing University, China

14:50-15:15PM

A13: Photonic crystal cavity optomechanics
for the applications of low phase noise
frequency source and high-performance
sensing

Yongjun Huang
University of Electronic Science and
Technology of China, China

15:15-15:40PM

Al4: Fast THz Modulator based on the
stagger-netlike GaN HEMT active
metamaterial

Yaxin Zhang
University of Electronic Science and
Technology of China, China

15:40-16:00PM

Coffee Break

Session A4: Terahertz Technology

Chair: Minoru Fujishima

16:00-16:25PM

A15: Hydration of various solutions observed
by terahertz spectroscopy

Toshiaki Hattori
University of Tsukuba, Japan

16:25-16:50PM

A16: Ultra-broadband Wireless
Communications in the 0.1-10 Terahertz
Band

Chong Han
Shanghai Jiao Tong University, China

16:50-17:15PM

A17: Recent activities in the terahertz
technology on communications and imaging

Atsushi Kanno
National Institute of Information and
Communications Technology, Japan

Xin-Wei Yao
A18: Fundamentals of Terahertz . .
17:15-17:40PM L. Zhejiang University of Technology,
Communication in Nanonetworks .
China
A19: THz waveguide filters based on the Ya-Xian Fan

17:40-18:05PM

19:00-22:00PM

periodic structures

Harbin Engineering University, China

Conference Banquet




Tuesday June 20
Room B

Session B1: Synthesis and Application of Transition-metal dichalcogenides

Chair: Yanfeng Zhang

BO1: Epitaxial Growth of Two-Dimensional .
- . . Yumeng Shi
8:00-8:25AM Layered Transition-Metal Dichalcogenides L i
) Shenzhen University, China
and Heterostructures for 2D-Electronics
BO02: Hysteresis of Transfer Characteristics in Yoshihiro Shi
r ma
8:25-8:50AM Field-Effect Transistors with a Molybdenum 03 l, fro l_ zu.
. Yokohama National University, Japan
Disulfide Channel
8:50-9:15SAM BO03: Valley Edelstein Effect in Monolayer Katsuhisa Taguchi
T Transition Metal Dichalcogenides Nagoya University, Japan
9:15-0:40AM B04: Growth of TMDC Nanostructures by Toshihiro Shimada
T Chemical Vapor Deposition Hokkaido University, Japan
BOS5: Electrocatalytic hydrogen evolution Yanfeng Zhang
9:40-10:05AM ) . . .
reaction of MX, and MX; heterostructures Peking University, China
10:05-10:20AM Coffee Break

Session B2: Silicon for Energy Storage  Chair: Ho Seok Park

BO06: Prelithiated Si nanoparticles-carbon .
Jim P. Zheng

10:20-10:45AM | nanotubes composite anodes for Li-ion . ) -
Florida State University, USA

batteries

Zhidan Zeng

BO07: Investigating structure and stress ) )
C e Center for High Pressure Science &
10:45-11:10AM | evolution in Si anode using in situ high
Technology Advanced Research,

pressure technique and Raman microscopy

China
Chuanbo Li
BO8: Silicon-based anode materials for high ) ua,n o
11:10-11:35AM o . Institute of Semiconductors, CAS,
capacity lithium ion batteries i
China
11:35-12:00PM BO09: Efficient Solar-Rechargeable Lithium Qiquan Qiz'lo '
Ion Battery Energy Storage South Dakota State University, USA

12:00-14:00PM Lunch Break

\



Session B3: Nanotechnology for Solar Energy Collection and Conversion

Chair: Jyh-Chiang Jiang

B10: High perf flexibl Bin Wang
- Hi rforman Xi ner
14:00-14:25PM Sh perfotinahess Texible enerey Institute of Chemical Materials, CAS,
storage devices i
China
B11: Porous carbon fibers for Guang Li
14:25-14:50PM _ . . .
electromegnetic wave absorption Donghua University, China
14:50-15:15PM B12: High Tempergture Flexible Ho Seok .Park.
Supercapacitors Using Graphene Electrodes Sungkyunkwan University, Korea
B13: Rational design of Novel Carbon Lo
. Zhenhai Xia
15:15-15:40PM | Catalysts for Clean Energy Conversion and ) )
University of North Texas, USA
Storage
15:40-16:00PM Coffee Break

Session B4: Graphene for Energy Storage Chair: Zhenhai Xia
B14: Kilohertz supercapacitors based on
. Zhaoyang Fan
16:00-16:25PM | graphene and carbon fiber for AC filtering o
i Texas Tech University, USA
and energy harvesting
B33: Composite AgBr colloidal spheres/g- Guochang Chen
16:25-16:50PM | C3N4 nanosheets: An effective LED- Anhui University of Technology,
irradiation photocatalyst China
B16: Laser direct writing of high- Jinguang Cai
16:50-17:15PM | performance micro-supercapacitors on Institute of Materials, China Academy
graphene oxide and polymer films of Engineering Physics, China
B17: A First Principles study on doped Jyh-Chiang Jiang
17:15-17:40PM | Graphene decorated by metals for Enhanced National Taiwan University of
Hydrogen Storage Performance Science and Technology, Taiwan

19:00-22:00PM Conference Banquet

Vil



Wednesday June 21
Room A

Session AS: Topological Insulator Chair: Xufeng Kou

8:00-8:25AM A20: Spin texture of flatten Dirac-cone Koji Miyamoto
R surface state on W(110) Hiroshima University, Japan
A21: Chiral modes of topological semimetals Xiao-Xiao Zhang
8:25-8:45AM . o
under magnetic field The University of Tokyo, Japan
8:45.0: 10AM A22: SPin te?xture and spin injection in a 3D o ’Weim.in Cpen
topological insulator Link6ping University, Sweden
Li hi K
A23: Two dimensional topological 1a.ngz .l ou
9:10-9:35AM ) Queensland University of Technology,
insulators: progress and prospects :
Australia
A24: Charge-current induced spin
T . Fan Yang
9:35-10:00AM polarization in BiSbTeSe; topological ) .
. University of Cologne, Germany
insulators
10:00-10:20AM Coffee Break

Session A6: Topological Insulator Chair: Weimin Chen

A25: Novel Topological Ph ithaZ Feng Li
10:20-10:45AM ovel Topological Phase with a Zero . e.ng 1‘u .
Berry Curvature Kwansei Gakuin University, Japan

A26: 2D materials-assisted fiber device as a
Bo Guo

10:45-11:10AM | novel nonlinear optical platform for . . . . . .
Harbin Engineering University, China

multiwavelength ultrafast photonics

A27: Quantum phase t ” d ord Yanchao Li

: Quantum phase transitions and order
11:10-11:35AM P . University of Chinese Academy of
parameters of a topological insulator

Sciences, China

11:35-12:00PM A28: One-dimensional edge states with spin Akari Takayama
' ' splitting in bismuth University of Tokyo, Japan
12:00-12:25PM A29.: Magnetic Topological Insulators and ‘ Xufeng ‘Kou. '
Their Heterostructures ShanghaiTech University, China
12:25-14:00PM Lunch Break

Vil



Session A7: Nanotechnology for Solar Energy Collection and Conversion

Chair: Yutaka Takaguchi

A30: Green semiconductor vertical-cavity Bao-Ping Zh
ao-Pin an
14:00-14:25PM | surface-emitting lasers based on quantum ) . 5 ; 5 )
Xiamen University, China
dots
A31: Titanium Dioxide Films with Pure Chaoyang Li
14:25-14:50PM | Anatase Phase Synthesized by Mist Chemical Kochi University of Technology,
Vapour Deposition Japan
A32: Tuning solar absorbance and reflection Feng Cao
14:50-15:15PM | of high-temperature solar spectrally selective Harbin Institute of Technology
surfaces Shenzhen Graduate School, China
15:15-15:40PM A33: BroadPand Optical Absorption Based ) Qia‘ng L‘i ‘
on Plasmonic Nanostructures Zhejiang University, China
15:40-16:00PM Coffee Break

Session A8: General Chair: Chaoyang Li

A34: Unsteady flow and heat transfer of Yan Zhang
16:00-16:25PM | MHD nano-liquid thin film over a stretching Beijing University of Civil
sheet under thermocapillarity effect Engineering and Architecture, China

. . . . Cheng Wang
A35: Focusing and Separating Diamagnetic . S . .
16:25-16:50PM Missouri University of Science and

Microparticles with Multiphase Ferrofluids
Technology, USA

A36: Semiconductor materials with open Chanel Ch

anglon en
16:50-17:15PM | nanostructures for solar light-driven water . g g )
Jinan University, China

splitting

A37: Hy-evolving SWCNT Photocatalysts for Yutaka Takaguchi
17:15-17:40PM ) .

Effective Use of Solar Energy Okayama University, Japan

Ligiane Mai

A38: One-Dimensional Nanomaterials for ) 1q1a.ng !
17:40-18:05PM Wuhan University of Technology,

Energy Storage China

18:30-22:00PM Get-together Dinner




Wednesday June 21
Room B

Session B5: Nanostructured Photocatalysts and Their Applications

Chair: Weining Wang

B19: Photocatalytic elimination of organic

Kimiyasu Shiraki

8:00-8:25AM chemicals and aerosol-associated influenza .
. . . University of Toyama, Japan
virus infectivity in the air
8:75-8:50AM B20: Highly e.ffective ZnO based . S.wee-YOFg Pung .
nanoparticles in organic dyes removal University of Science, Malaysia
8:50-9:15AM B21: Nanostructured TiO, with oxygen Chiaki Terashima
' ' vacancies for the decomposition of organics Tokyo University of Science, Japan
. . Rui Zhang
B22: TiO,-C hybrid 1 photocatalyst
9:15-9:40AM 127 DT ACToge ‘p olocatalysts Shanghai Institute of Technology,
for methylene blue degradation .
China
9:40-10:05AM B23: Highly efficient visible-light-driven Qizhao Wang

BiVOs-based semiconductor photocatalysts

Northwest Normal University, China

10:05-10:20AM

Coffee Break

Session B6: Nanostructured Photocatalysts and Their Applications

Chair: Kimiyasu Shiraki

10:20-10:45AM

B24: Highly Concentrated CO Evolution for
Photocatalytic Conversion of CO, by HO as
an Electron Donor

Kentaro Teramura
Kyoto Univerisity, Japan

10:45-11:10AM

B25: Nanostructured photocatalysts for the
photocatalytic reduction of CO,

Yunxiang Pan
Hefei University of Technology,
China

11:10-11:35AM

B26: New Heterogeneous Photocatalysts
Designed for Water Oxidation and CO;
Reduction

Kazuhiko Maeda
Tokyo Institute of Technology, Japan

11:35-12:00PM

B27: Facile Development of Nanostructured
Photocatalysts for CO, Capture and
Conversion

Weining Wang
Virginia Commonwealth University,
USA

12:00-14:00PM

Lunch Break




Session B7: Nanostructured Photocatalysts and Their Applications

Chair: Giuseppina Cerrato

14:00-14:25PM

B28: Low Dimensional Materials Used for
Lithium / Sodium ion Battery Anode

Meicheng Li
North China Electric Power
University, China

14:25-14:50PM

B29: Noble-metal free Metal sulphides as
highly efficient visible light driven
photocatalysts for H, production from H,S

Ying Zhou
Southwest Petroleum University,
China

14:50-15:15PM

B30: Photoelectrocatalytic Production of
Solar Fuels from Water and CO,

Hyunwoong Park
Kyungpook National University,
Korea

15:15-15:40PM

B31: Significant photocatalytic enhancement
via strengthening interface with TiO; by

carboxyl-functionalized conjugated polymers

Yi Dan
Sichuan University, China

15:40-16:00PM

Session B8: Nanostructured Photocatalysts and Their Applications

Coffee Break

Chair: Yi Dan

16:00-16:25PM

B32: Ag nano-doping onto microsized TiO:
a challange for enhancing the photocatalytic
abatement of air pollution under visible light

Giuseppina Cerrato
University of Torino, Italy

16:25-16:50PM

B15: Functionalized graphene with both
physical and chemical adsorptions of charges
for high-performance supercapacitors

Jinzhang Liu
Beihang University, China

16:50-17:15PM

B34: Enhanced Catalysis by Optical
Nanoantenna Reduced on Transition Metal
Dichalcogenide

Donald K. Roper
University of Arkansas, USA

17:15-17:40PM

18:30-22:00PM

B35: Synergistic effect of MoS,/TiO;
heterostructures with enhanced photo- and
electro-catalytic performance

Junguang Tao
Hebei University of Technology,
China

Get-together Dinner

Xl




Thursday June 22
Room A

Session A9: Terahertz Technology Chair: Genquan Han

10:20-10:45AM

Hongjun Li

A39: Terahertz filter and demultiplexer with i ) ongjun' 1u .
8:00-8:25AM . . Xi’an Institute of Optics and Precision

photonic crystal waveguide . .

Mechanics, CAS, China
A40: THz radiation based on fiber-integrated Min Yong J
in Yong Jeon
8:25-8:50AM photo-conductive antennas and mode-locked . 8 . .
Chungnam National University, Korea

Yb-doped fiber laser

A41: Generation and Detection of the Super XiaoYu Peng
8:50-9:15AM Broadband Terahertz Radiation based on Chonggqing Institute of Green and

Laser-plasma Interaction Intelligent Technology, CAS, China

A42: The fascinating split-ring-resonators: .

. . . Mei Zhu
9:15-9:40AM progress in design, fabrication and ) i ) )
.. . Taishan University, China

applications of terahertz metamaterials
0:40-10:05AM 543: I?roadband terahertz absorber based on ‘ Long.fang.Ye '

sinusoidally-patterned graphene Xiamen University, China

10:05-10:20AM Coffee Break

Session A10: Terahertz Technology Chair: Xiaoyu Peng

A44: Engineering rainbow trapping and
releasing in ultrathin THz plasmonic graded
metallic grating strip with thermo-optic
material

Genquan Han
Xidian University, China

10:45-11:10AM

A45: Micro-fabricated L-shape metasurface
terahertz biosensor

Jun Zhou
University of Electronic Science and
Technology of China, China

11:10-11:35AM

A46: Intensity and spectral changes in
terahertz quantum cascade lasers induced by
the injection of near-infrared optical pulses

Yohei Sakasegawa
National Institute of Information and
Communications Technology, Japan

11:35-12:00PM

A47: THz surface/Interface Emission
spectroscopy and applications

Xinlong Xu
Northwest University, China

12:00-14:00PM

Lunch Break

Il




Session 11 Porous Carbon Materials Chair: Zhangxiong Wu

A48: Design and electrochemical Yingke Zhou
14:00-14:25PM | performance of nano-micro structured porous Wuhan University of Science and

materials Technology, China

A49: Molecular Insights into Electrical Guang Feng
14:25-14:50PM | Double Layers in Graphene-Based Huazhong university of Science and

Supercapacitors Technology, China

AS50: Preparation of novel microporous Teng Ben
14:50-15:15PM ) o L .

organic frameworks Jilin University, China

Yunfeng Zh

AS51: Porous Carbons and Polymers for Gas . .un e.n g 410
15:15-15:40PM . Tianjin University of Technology,

Mixture .

China

15:40-16:00PM Coffee Break

Session A12: General Chair: Teng Ben

AS52: Controllable Synthesis of N-Doped and
16:00-16:25PM | Dually Doped Mesoporous Carbons for
Adsorption and Catalysis Applications

Zhangxiong Wu
Soochow University, China

AS53: Accelerating the extracellular electron
transfer of Shewanella oneidensis MR-1 by Yujie Feng
16:25-16:50PM . . . . .
decorating cytochromes with carbon quantum | Harbin Institute of Technology, China

dots and MWNTs

Yijin Zhang
Max-Planck-Institute for Solid State
Research, Germany

A54: Application of transition-metal
16:50-17:15PM ) . .
dichalcogenides beyond general electronics

18:30-21:00PM Get-together Dinner

Xl



Thursday June 22
Room B

Chair: Yongchun Zhao

Session B9: Nanostructured Photocatalysts and Their Applications

Chair: Heqing Tang

. . . Zhiguo Yi
B36: Nano Photocatalytic Materials Design . .
Fujian Institute of Research on the
8:00-8:25AM Toward Small Molecular Hydrocarbons .
L Structure of Matter, Chinese Academy
Oxidation . .
of Sciences, China
Meng Nan Chong

B37: Ternary Nanostructured Photocatalysts L )
8:25-8:50AM ) . Monash University Malaysia,

for Photoelectrochemical Water Splitting ;

Malaysia

B38: Photocatalytic Degradation of Heqing Tang
8:50-9:15AM Polybrominated Diphenyl Ethers on TiO,- South-Central University for

based composites Nationalities, China
9:15-9:40AM B39: One-dimensional nanoarrays for solar 'Ha(‘) szng .

cells Hubei University, China
9:40-10:05AM 340: Full-sPe.ctrum photocatalysts with Near- ‘ ‘ Wenxia Liu '

infrared activity Qilu University of Technology, China

10:05-10:20AM Coffee Break

Session B10: Nanostructured Photocatalysts and Their Applications

10:20-10:45AM

B41: Nanowire-plasmonic photocatalysts and
thermal emitters

Thang Duy Dao
National Institute for Materials
Science, Japan

10:45-11:10AM

B42: Van der Waals Oxide Heteroepitaxy for
Transparent and Flexible Electronics

Ying-Hao Eddie Chu
National Chiao Tung University,
Taiwan

11:10-11:35AM

B43: N-doped graphene as highly-catalytic
counter electrode in Dye-sensitized Solar
Cells (DSSCs)

Peng Zhai
Northwestern Polytechnical
University, China

11:35-12:00PM

B44: CO; photocatalytic reduction using
Ti0O; nanocrystals with coexposed {001} and
{101} facets

Yongchun Zhao
Huazhong university of Science and
Technology, China

XV




12:00-14:00PM

Lunch Break

Session B11: Nanotechnology for Magnetic Resonance Imaging

Chair: Renhua Wu

14:00-14:25PM

B45: Albumin-mediated Gold/Platinum
Nanocomposites for Dual Mode CT/MR
Imaging Applications

Nengqin Jia
Shanghai Normal University, China

14:25-14:50PM

B46: Manganese oxide-embedded iron oxide
nanoparticles: An enhanced T1-T2 dual-
modal contrast agent

Chichong Lu
Beijing Technology and Business
University, China

14:50-15:15PM

B47: Tracking of stem cells with Magnetic
Resonance Imaging

Qun Zhao
The University of Georgia, USA

15:15-15:40PM

B48: Surface passivation of magnetic
nanoparticles via atomic layer deposition

Rong Chen
Huazhong university of Science and
Technology, China

15:40-16:00PM

Coffee Break

Session B12: Nanotechnology for Magnetic Resonance Imaging

16:00-16:25PM

Chair: Qun Zhao

B49: Proteins promote cancer
nanotheranostics

Bingbo Zhang
Tongji University, China

16:25-16:50PM

B50: Nanoparticles in Magnetic Resonance
Imaging

Renhua Wu
Shantou University Medical College,
China

16:50-18:00PM

18:45-21:00PM

Poster Session

Get-together Dinner

XV




Poster Session

Pl Two color optical absorption in Xiangfei Wei
InAs/AlISb/GaSb quantum well West Anhui University, China
Enhanced electrochemical energy storage of ]
) Yi Zhao
P2 N-doped graphene by adsorbing molecules of i L i
) . Beihang University, China
hydrolysized polyimide
Gram-scale production of nanoporous
P3 graphene by Mg-thermoreduction of CS; for ' Lu‘ Sun‘ _
electrochemical energy storage Beihang University, China
Novel Self-powered UV-Visible
4 Photodetector with Fast Response and High Lin Sun
Photosensitivity Employing Fe:TiO»/n-Si Donghua University, China
Heterojunction
Quasi-Freestanding Monolayer Striped WS2 Min Hong
P> with an Invariable Band Gap on Au(001) Peking University, China
Continuous and high-efficient synthesis of
P6 graphene oxide based on modified hummers Xiaoshan Zhang
method Guangxi University, China
p7 TBD Tianjiao Huang
Guangxi University, China
Recent research in the continuous terahertz Tielin Lu
P8 wave on nondestructive detection of carbon Instrumentation Technology &
fibre composite Economy Institute(ITEI) , China

XVI




Friday June 23

9:00-10:00AM Award Winners Announcement

10:00-12:00PM Shanghai Natural History Museum tourism

12:00-13:30PM Lunch Break

13:30-17:00PM Shanghai Excursion(Chinese Culture, City God Temple of Shanghai, Yu Garden)

*Invited Speakers are listed in Time, Talk Title, Name, Affiliation and Country/Region

Xvil



Abstracts — Terahertz Technology
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Abstract

This paper describes the capability of active imaging with sub-terahertz (THz) illumination in a
smoky environment. The developed illuminator consists of nine uni-traveling-carrier photodiode
modules and an optical circuit that generate incoherent sub-THz waves with a center frequency of 833
GHz. Tests on a target at a distance of 115 cm showed that imaging with incoherent sub-THz
illumination provides a clear view in black, dense, and high-temperature smoke, for which the visibility
was 30 cm for visible light. These results indicate that sub-THz active imaging is an effective way to
ensure visibility in fire environments such as a space filled with heavy smoke.

Introduction

Stringent building codes have improved fire protection and resistance. However, itis impossible to
completely prevent outbreaks of fire in buildings. This is mainly because of careless human activities
and appliance/equipment malfunctions and because it is very difficult for us to live without flammable
daily commodities such as paper, fabrics, and plastics. Therefore, we must always on guard against
outbreaks of fires.

One of the dangerous elements at the scene of a fire is smoke. Smoke is a mixture of air, airborne
particles, and gases emitted during combustion or pyrolysis. Most of the particles range in size from 0.1
to 1 um [1]. Since the size is comparable to the wavelength of light, smoke particles strongly scatter
light. As a result, dense smoke can reduce the visibility to zero. The lack of visibility makes it difficult
for people to evacuate safely not only from unfamiliar places but also from familiar ones. It also
obstructs the activities of even well-trained fire fighters with complete equipment.

Terahertz (THz) waves have a much longer wavelength than the diameter of smoke particles and can
penetrate smoke [2-5]. If they can be used to observations, a clear view can be ensured even in severe
smoky environments with poor visibility. THz imaging can be done actively or passively, and both
methods are currently under intensive study. However, active THz imaging, which uses a high-
brightness THz illuminator, is much better for observing objects in smoke. This is because smoke that
has been heated to high temperature by fire becomes a strong source of thermal radiation—one that is
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much stronger than the thermal radiation from the targeted room-temperature objects and completely
masks them. The masking makes it impossible to detect objects by passive methods.

Taking the need for fire safety and the transmission and radiation characteristics of electromagnetic
waves in smoke into consideration, we carried out feasibility studies on active imaging with sub-THz
waves in smoky environments and produced certain results that demonstrated its effectiveness in
ensuring a clear view in smoke [6-8]. In this paper, we present the experimental results obtained in an
environment that simulates fires most faithfully among those studies.

Sub-THz illuminator

The primary source of the sub-THz waves used as illumination was a broadband noise signal in the
sub-THz region generated by a photomixer [9]. The signal’s low coherency enables the simultaneous
use of multiple photomixers to increase the brightness of the illumination. Figure 1 shows the optical
circuit of the sub-THz illuminator, which consists of an incoherent light source, a tunable bandpass filter
(BPF) with pass band width of 13 GHz, a single-mode laser, an optical coupler, and an erbium-doped
fiber amplifier (EDFA), an intensity modulator, a 1:9 optical splitter, nine variable optical attenuators
(VOAs), and nine uni-traveling-carrier photodiode (UTCPD) modules with an integrated antenna [7,
10]. The BPF was used to tune the center frequency of the incoherent light, which was then coupled to
the light from the single-mode laser. The resultant light was amplified by the EDFA and fed into the
intensity modulator for on-off modulation. Finally, the signal was split into nine channels, each of which
was sent through a VOA to a UTCPD module. The center frequency of the incoherent sub-THz waves
was 833 GHz, which falls within one of four frequency bands between 500 and 1000 GHz suitable for
imaging in a space filled with smoke, gases, and other combustion products [6].

VOAUTCPD module 1
Incoherent light ['VOA|

source EDFA —{VOA]{UTCPD module 2

Tunable Intensity —{VOA]{UTCPD module 3

[>' band-passI | |> modulator —{[VOA]{UTCPD module 4

>< T 1:9 splitter - VOA}—{UTCPD module 5

Single-mode NG & Synchronous signal —{VOA}UTCPD module 6

laser Optical coupler from THz camera —( VOA —{UTCPD module 7

—{VOA}—{UTCPD module 8

VOA UTCPD module 9

Fig. 1. Schematic diagram of the optical circuit for generating incoherent sub-THz
waves.

Figure 2 shows the front view of the sub-THz illuminator [11]. Nine plano-convex lenses are attached
to a 16-cm-diameter white polyethylene disk. One UTCPD module is positioned behind each lens. A
DC bias is applied to each module in parallel. The axes of the sub-THz beam emitted from the
surrounding eight modules incline two degrees to the central beam axis. Therefore, the nine beam axes
cross at approximately one meter in front of the disk. The power of the incoherent sub-THz waves
emitted from the illuminator was estimated to be 5 pW.
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Fig. 2. Photograph of the sub-THz illuminator.

THz camera and setup for imaging experiment

The imaging experiments employed a THz camera (Model T0832, NEC Corp.) equipped with a 2-
inch-diameter aspherical plano-convex Tsurupica lens and a low-pass filter (LPF) [7]. The focal length
of the lens and the cutoff frequency of the LPF are 36 mm and 1 THz. The THz camera was operated in
the lock-in mode at a rate of 30 frames per second. A synchronous signal produced by the camera was
sent to the intensity modulator of the optical circuit shown in Fig. 1. As a result, the intensity of the sub-
THz waves from the illuminator was on-off modulated in synchronization with half of the frame rate of
the camera. The camera continuously captured images with and without sub-THz illumination in an
alternating sequence. The output image of the THz camera was a differential image between the
illuminated image and the non-illuminated image. This process suppressed background noise in the
output image.

For the imaging capability test in a smoky environment, a box-shaped structure consisting of an upper
and a lower compartment with inside dimensions of 170 cm x 90 cm % 120 cm (LWH) was prepared
[7]. The two compartments were separated by metal mesh, and the upper one contained a window on
one of two walls facing the longitudinal direction. In the lower compartment, the incomplete combustion
of thin latex film produced black smoke that filled the whole structure. A heating device that uses
charcoal fire was also set in the lower compartment to raise the temperature of the smoke. A
thermocouple attached to the wall of the structure measured the temperature of the smoke. During the
experiment, the window was sealed with clear polyvinyl chloride film to keep the smoke inside the
structure. The extinction coefficient of visible light, Cs, is a typical measure of the smoke density [1]. In
this study, the intensity of the light emitted from an incandescent lamp set in the structure was monitored
from the outside the window, and Cs in the structure was calculated [8].

The sub-THz illuminator and THz camera were placed 20 cm apart facing the window in the upper
compartment at a distance of 20 cm from it. The target consisted of the letter T made of an aluminum
plate and ceramic fiber board. Its width and height were 6 and 5.5 cm, respectively, as shown in Fig. 3.
It was placed inside the upper compartment at a distance of 95 cm from the window. Thus, the distance
from the illuminator to the target and the distance from the target to the camera were both 115 cm. The
part of the aluminum plate exposed to the illuminator reflects back the irradiated sub-THz waves at a
reflectance of nearly 100%. Therefore, an image of the T can be captured by the THz camera if a clear
view to the target is achieved.
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Aluminum plate

Ceramic fiber board

Fig. 3. Imaging test target.

Results and discussion

Figure 4 shows Cs and the smoke temperature in the structure. Here, = 0 s is when the smoke source
and the heating device were set on fire. Both Cs and the smoke temperature rose over time. Since
maximum Cs of more than 8 m™' and smoke temperature near 150 °C were realized, a fire environment,
such as a space filled with black, dense, and high-temperature smoke, was faithfully simulated in the
structure.
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Fig. 4. Cs and smoke temperature inside the structure.

Figure 5 shows the images taken at £ = 0, 360, 1020, and 1230 s. As shown in the images, the sub-
THz imaging constantly provides a clear view of the target. Furthermore, the signal-to-noise ratio of the
sub-THz image scarcely changes with Cs and smoke temperature. A Cs of 8 m™! means a visibility of 30
cm for visible light [12]. Near-infrared light imaging done under the illumination by near-infrared light
almost completely lost the view of the target at Cs of 4.1 m™! in the control experiment, as shown in Fig.
6. These results indicate that sub-THz active imaging is an effective way to ensure visibility in fire
environments such as a space filled with black, dense, and high-temperature smoke.

In this study, the distance between the target and camera was only around one meter. This distance
limit will be improved to a level suitable for practical imaging in smoky environments when an advanced
illuminator and THz camera are developed.
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Fig. 5. Sub-THz image of target at t = 0, 360, 1020, and 1410 s.

Fig. 6. Near infrared image of target at Cs = 0.0, 2.5, 4.1, and 8.6 m™'.

Conclusion

The capability of active imaging with sub-THz illumination in a smoky environment was investigated.
The source of the illumination was incoherent sub-THz waves generated by photomixing. Imaging tests
performed under a condition that faithfully simulated a fire site showed that sub-THz active imaging
provides a clear view in the space filled with black, dense, and high-temperature smoke with a visibility
of 30 cm. The result indicates that active imaging with incoherent sub-terahertz radiation is an effective
way to see through smoke at the scene of a fire.
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Abstract

Here we present our recent work on tuning the polarization of terahertz waves via subwavelength
metallic gratings. Firstly, we have experimentally demonstrated a linear polarization rotator that is a
three-layer metallic grating structure for manipulating the polarization of broadband terahertz waves.
By mechanical rotations of the composite grating layers, this freely tunable device can rotate the
polarization of a linearly polarized THz wave to any desired direction with high conversion efficiency
[1]. Then we theoretically investigate the propagation of terahertz waves through a graphene-loaded
metal grating under external magnetic field. It is found that resonant modes in the system can be
converted between transverse-electric and transverse-magnetic polarizations due to Hall conductivity of
grapheme, as a consequence, asymmetric transmission of terahertz waves through this graphene-loaded
metal grating is achieved, and it can be tuned by adjusting either the external magnetic field or the Fermi
level of grapheme [2]. These tunable terahertz devices have potential applications in various areas, such
as material analysis, wireless communication, and terahertz imaging.
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Abstract

We propose a self-complementary bow-tie antenna-integrated resonant-tunneling-diode relaxation
oscillator and investigate its oscillation/radiation characteristics. In the investigation, we establish a
physics-based equivalent circuit model of the oscillator for taking the all physical phenomena related to
the diode and the antenna into consideration simultaneously. In this paper, we report the equivalent
circuit modeling and the large-signal oscillation/radiation analysis of the oscillator.

Introduction

Terahertz (THz) technology has been received great deal of interest in terms of applications for
spectroscopy, imaging, wireless communications, etc. In the wireless communication, the THz range
is specifically one of the most attractive regions owing to the existence of the non-allocated frequency
band. One of the main challenges of the THz wireless communication is the shortage of the emission
RF power of the oscillator. We guess the challenge can be overcome by using the wideband-spectrum
relaxation wave, whose entire emission RF power exceeds that of the narrowband sinusoidal wave, as
the carrier.

From this perspective, we have proposed an oscillator consisting of a resonant tunneling diode
(RTD) and a broadband bow-tie antenna (BTA) [1] for generating a wideband-spectrum relaxation
wave and their theoretical models expressed by equivalent circuits respectively [2,3]. Such a
semiconductor-based oscillator for THz applications is generally fabricated as a monolithically-
integrated configuration of an oscillation device, a radiation antenna, etc. As the performance of such
an oscillator depends upon a both of their physics, which usually differ from each other, the
performance evaluation method and the design guideline for the oscillator should be established as a
physical-coupled scheme considering the all effects regarding the oscillator simultaneously.

In this paper, we focus on a physics-based modeling for the entire oscillator-structure we proposed
and its oscillation/radiation performance evaluated by using the physics-based model.

Modeling
Schematics of the proposed oscillator are illustrated in Fig. 1.

10
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Fig.1 Schematics of a proposed oscillator

A peripheral circuit in front serves as a bias circuit and that in back is added for adjusting the total
impedance of the peripheral circuits. We establish a physics-based equivalent circuit model of each
component, RTD, BTA, and the circuits, since it is considerably impossible to analyze the quantum
phenomena of the RTD together with the electromagnetic (EM) properties of the other components by
a single solver.

Simple block expressions of the oscillator are described in Fig. 2.

L . -
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Fig.2 Block expressions of an equivalent circuit for the oscillator shown in Fig. 1

The impedance variables, ZAw,D,Wshunt), Zo(@w,D,Wshunt), and Zpra(w,D), correspond to the
equivalent circuit of the peripheral circuit in front, that in back, and the BTA, respectively. The RLC
expression of Zera(w,D) has been reported in Ref. [2]. Additionally, the circuit model of the RTD and
its theoretical expression has also been reported in Refs. [3, 4], respectively.

The variables, Z{w,D,Wshunt) and Zp(w,D,Wshunt), are composed of several RLC elements which can
be explained by the electromagnetic properties: the surface impedance due to the skin effect [5], the
straight micro stripline [6], fringe capacitance [7], and parasitic components regarding the semi-
insulating substrate. The circuit elements involved in Z{w,D,Wshunt) and Zs(w,D,wsnni) — are evaluated
by the EM field distribution in the vicinity of the circuits calculated by the finite element method-
based simulator, namely, COMSOL. Their approximate numerical values of the elements are also
estimated by the physical interpretation based on the structural and material properties. More precise
values are numerically de-embedded by using the optimization method, namely, the particle swarm

11
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optimization [8]. More details regarding the circuit identification process have also been reported in
Ref. [2].

Figure 3 summarizes the typical fitting results of the impedance and radiation characteristics
regarding the peripheral circuit/entire oscillator.
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Fig.3 Typical fitting results regarding the impedance characteristics of (a) the peripheral circuit in front, (b)
that in back, and (c) the entire oscillator, and (d) the radiation characteristics. Radiation efficiency,
n(w,D W), is defined by the ratio of the oscillation power on the semiconductor layers to the radiation power
on the BTA. Solid lines are depicted by using the de-embedded values of the circuit parameters. Dash lines are
calculated by the physical/material parameters. The antenna size, D, and the line width, W, are set to 300

and 10 um, respectively.

From Fig. 3, the equivalent circuit expression is quantitatively valid for the evaluation of the
radiation/oscillation characteristics by the circuit analysis around the first resonance frequency of the
oscillator.

Oscillation Analysis

The non-linear oscillation analysis of the proposed oscillator is performed by using the equivalent
circuit above mentioned. The non-linearity of the RTD is involved by considering the measured
current-voltage (/-V) characteristics [9]. The supplied voltage, V5, is set to a constant value to keep the
negative differential conductance of the RTD maximum. More details regarding the oscillation
analysis methodology have been reported in Refs. [10, 11].

Figure 4 displays the current density-voltage (J-V) characteristics of the RTD and the time-dependent

orbit of the current density, ir«(¢)/S, in the RTD, where S indicates the mesa area.
12
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Fig.4 (a) Measured/theoretical current density-voltage (J-V) characteristics of the employed RTD and the
calculated results of the time-dependent orbit of the current density, i.a(1)/S, in the RTD. (b) Waveforms of the
radiation voltage and (c) corresponding frequency spectra. Chain and dotted lines indicate the relaxation and
the sinusoidal oscillation mode, where the line width, Wspun, is set to 10 and 20 um, respectively. Antenna size,

D, is set to 300 um.

We classify the oscillation modes depicted the dotted and chain lines in Fig. 4 designated as the
““sinusoidal" and the *'relaxation" mode, respectively. The modes are quantitatively distinguished by
the cycle number of the 7(?)/S trajectory in Fig. 4; if the cycle number is unity, the mode is a
““sinusoidal mode"; else, it is a " 'relaxation mode". The entire emission RF power of the relaxation
mode shown in Fig. 4 is ~ 6 dBm greater than that of the sinusoidal mode when the upper limit value
of band is approximately set to 400 GHz. It is suggested that the relaxation wave can compensate for
the shortage of the emission RF power if we employ a certain band appropriately. Moreover, it is
found that the oscillation mode can be designed by adjusting the two parameters, D and Wshun,
appropriately.

According to Shannon-Hartley theorem [12], the capacity of a wireless channel is directly
proportional to the channel bandwidth. Therefore, the wideband-spectrum relaxation wave can

contribute to the possibility of large-capacity wireless transmissions together with compensating for
the RF power shortage.

Conclusion

We investigated radiation/oscillation characteristics of the resonant tunneling diode-based
relaxation oscillator by using its physics-based equivalent circuit model. The advantage of a
wideband-spectrum relaxation wave as the carrier was revealed in terms of the entire emission RF
power. Our further studies will represent the link-budget analysis of the relaxation carrier wave-based
THz wireless link to clarify the advantage of the relaxation carrier regarding the link performance.

13
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Abstract

After the discovery of high temperature Superconductor YBa:CuzO7.5 with the superconducting
transition temperature 7.=92 K, which is well above 77 K, the boiling point of liquid nitrogen, this year
has become a celebrative and a commemorative 30" anniversary in the history of superconductivity
research. In addition to this memorable occasion, this years is another important anniversary that ten
years have passed after the discovery of terahertz electromagnetic wave emission from the mesa
structure of Bi2212 single crystals[1]. The important ingredients here is that the superconducting
CuO:z2 double layers are built in a unit cell of the Bi2212 crystal as it is grown and are sandwiched by
the insulating Bi2O2 layers, forming a stack of intrinsic Josephson junctions (IJJs).  Since the electronic
structure as a result of this layered crystal structure the superconducting as well as even normal state is
highly two dimensional, the superconducting coupling becomes Josephson-junction like, extremely
weak as measured by the c-axis critical current J.© = 10 - 10°> A/cm? compared with Jap® = 10° - 107

A/cm?, resulting in the reduction of the superconducting plasma frequency to the level of fi ~10'! ¢/s

(0.2 ~ 1 meV), which is well below the superconducting gap A ~ 30 meV. This Josephson plasma

mode can be excited by the dc-current through the nonlinear Josephson coupling effect by the dc-
Josephson effect and the coherent THz emission is generated due to the ac-Josephson oscillation with
the frequency fi = (2e/h)vy, where e is the elementary charge of electron, 4 Planck constant, and vi the
voltage per intrinsic Josephson junctions, when it matches well the cavity mode frequency. Although
the understanding of this phenomenon has already been well established by various experiments and
theoretical works[2], the practical limitation of the device is not well understood yet. For example, the
most important issue is on what determines the maximum power extracted from one intrinsic Josephson
junction, and how much power can be generated from the actual mesa structure with N-intrinsic
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Josephson junctions, where N is the number of intrinsic Josephson junctions in a mesa. The next issue
is on what limits the maximum frequency.
The essential parameter related to two issues has evidently been thought the thermal effect due to the

Joule heating by the dc-current (10 - 50 mW), which produces heat of ~\MW/cm?® and naturally causes

a serious temperature increase and inhomogeneity, which is often called as a hot-spot. It has been
disclosed by us that the formation of the hot-spot gives only a detrimental effect on the THz radiation
phenomena so that it is better to avoid it or control it to make the influence minimum on the THz
emission. The heating issue has recently been studied intensively[3]. As a result, we have achieved a
frequency of 2.4 THz with a power of 30 uW[4] quite reproduciblly.

Recently, we have done a systematic case study on the rectangular, square, circular, triangular mesas,
etc. and found an interesting fact. That is concerning the missing modes, which are expected to be as
the strong emission modes but systematically disappear or are missing, perhaps, due to very weak
intensities. This seems to occur especially in the degenerated symmetric cases such as in square and
circular mesas. We argue this effect as a mode cancellation in the degenerated cavity modes in a
symmetric mesa.
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Abstract

The transient simulation of semiconductor devices using a deterministic Boltzmann equations solver is
presented. In order to avoid the numerical difficulties originated from the conventional H-transformation,
the kinetic-energy-based scheme is adopted. Within the kinetic-energy-based scheme, the transport
parameters become time-independent, therefore, implementing the transient simulation capability can
be done easily. Preliminary results for a device are shown.

Introduction

The terahertz (THz) technology has gained much research interest worldwide. However, realization
of a THz emitter with a small form factor is still a difficult task. The plasma instability in the two-
dimensional (2D) electron gas has been proposed as a possible mechanism to enable an extremely fast
semiconductor device operating in the THz frequency range [1].

Recently, we have reported the numerical simulation results of plasma oscillation in two-dimensional
electron gas [2]. A periodic steady-state solver has been used to obtain the oscillating solution efficiently.
The set of governing equations contains the 2D Poisson equation, the electron continuity equation, and
the electron current density equation. The time derivative of the current density and the convective
derivative are considered in the electron current density equation. It has been numerically verified that
inclusion of those terms are mandatory to support sufficiently strong plasma instability in the 2D
electron gas.

However, it is noted that the set of governing equations adopted in [2] is based on the moments of the
Boltzmann equation. It is not sufficiently accurate to describe the behaviour of plasma waves
quantitatively [3]. A more advanced modelling approach is required. In order to solve this issue
ultimately, the Boltzmann equation solver with the transient simulation capability is mandatory.

Although the stochastic Boltzmann equation solvers (the Monte Carlo simulators) have been used to
simulate a device operating in the THz frequency range (for example, [4]), the stochastic nature of the
Monte Carlo simulators introduces some numerical difficulties. Therefore, the deterministic Boltzmann
equation solver is desirable. In this work, our motivation is to present some transient simulation results
using a deterministic Boltzmann equation solver.
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Projected Boltzmann Equation

The Boltzmann equation is a microscopic transport equation. It governs the spatiotemporal motion of
the electron gas in a semiconductor device. Since it is defined on the phase space, evaluating its solution
is a highly non-trivial task.

As discussed above, the stochastic Monte Carlo method can be applied to solve the Boltzmann
equation efficiently. However, nowadays, the deterministic Boltzmann equation solvers [5] have gained
popularity. In these solvers, the angle-dependent part of the electron distribution function is expanded
with basis functions. Depending on the dimensionality of the momentum space, there can be a few
variants of deterministic Boltzmann equation solvers. In this work, the three-dimensional momentum
space is understood. Therefore, the spherical harmonic expansion [6] is the appropriate technique. A
numerical stabilization scheme called the H-transformation [6] has played an important role in the
development of this simulation technique. In the H-transformation, the total energy (which is a sum of
the kinetic energy and the potential energy) instead of the kinetic energy is used as the energy variable

Unfortunately, when the transient simulation is concerned, the H-transformation introduces a serious
difficulty [7]. The time-varying potential energy yields the time-varying transport parameters.
Unavoidable interpolation procedure prevents the transient simulation capability eventually. Of course,
the fundamental solution to the above problem is to invent yet another numerical stabilization scheme,
which does not suffer from the time-varying transport parameters. Since it is currently a formidable task,
in this work, we simply apply the kinetic-energy-based scheme [8] to get the preliminary solutions.

Numerical Results

A spherical harmonics expansion solver has been newly implemented into our in-house device
simulation framework [2]. All parameters for Si are taken from [6]. The lowest expansion order is used.
Various N*NN" devices are simulated. Fig. 1(a) shows the DC IV characteristics of those devices. The
transient simulation results of the 1200-nm-long device are shown in Fig. 1(b). The DC bias voltage is
0.8 V. The frequency of the AC voltage is 1 THz. It is clearly demonstrated that our deterministic
Boltzmann equation solver can perform the transient simulation at such a high frequency without any
numerical problem.
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Fig.1 (a) DC IV characteristics of various N'"NN" devices, which are obtained from the deterministic Boltzmann
equation solver. (b) Transient results of an N'NN" device whose total length is 1200 nm. The DC bias voltage is
0.8 V. AC voltages of 1 THz with various amplitudes are applied to the anode terminal. The first two periods are
simulated.
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Conclusion

In this work, the transient device simulation results using a deterministic Boltzmann equation solver
based on the spherical harmonics expansion has been presented. In order to avoid the numerical
difficulties originated from the H-transformation, the kinetic-energy-based scheme is adopted. The
numerical results demonstrate that both of DC and AC analyses can be performed without any numerical
problem. It is expected that this simulator can be applied to the THz devices based on the plasma
instability.
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Abstract

Homogeneous broadband and electrically pumped semiconductor radiation sources emitting in the
terahertz regime are highly desirable for various applications, including spectroscopy, chemical
sensing, and gas identification. In the frequency range between 1 and 5 THz, unipolar quantum
cascade lasers employing electron inter-subband transitions in multiple-quantum-well structures are
the most powerful semiconductor light sources. Here, we report the demonstration of homogeneous
spectral spanning of long-cavity terahertz semiconductor quantum cascade lasers frequency comb. At
a single drive current, the terahertz spectrum under radio frequency modulation continuously spans
330 GHz (~8% of the central frequency), which is the record for single plasmon waveguide terahertz
lasers with a bound-to-continuum design. The homogeneous broadband terahertz sources can be used
for spectroscopic applications, i.e., GaAs etalon transmission measurement and ammonia gas
identification. In addition, using a fast terahertz quantum well photodetector, we successfully achieve
the gigahertz modulated terahertz light detection.
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Abstract

In this talk, we present our recent work on making structured metals transparent for broadband
electromagnetic waves via excitation of surface waves. First, we theoretically show that one-
dimensional metallic gratings can become transparent and completely antireflective for extremely
broadband electromagnetic waves by relying on surface plasmons or spoof surface plasmons [1].
Second, we experimentally demonstrate that metallic gratings with narrow slits are highly transparent
for broadband terahertz waves at oblique incidence and high transmission efficiency is insensitive to the
metal thickness [2]. In the third, we significantly develop oblique metal gratings transparent for
broadband electromagnetic waves (including optical waves and terahertz ones) under normal incidence
[3]. Besides, the principles of broadband transparency for structured metals can be further extended to
other systems [4, 5]. These investigations provide guidelines to develop many novel materials and
devices, such as transparent conducting panels, antireflective solar cells, and other broadband
metamaterials and stealth technologies.
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Abstract

Over the past decade, there has been remarkable growth in the field of terahertz frequency science
and engineering, which has become a vibrant, international, cross-disciplinary research activity.
Wavelength conversion in nonlinear optical materials is an effective method for generating and detecting
coherent terahertz waves owing to the high conversion efficiency, bandwidth, wide tunability, and room-
temperature operation, and if the tuning range and the peak power can be enhanced, drastic
developments in basic researches and industrial applications can be expected.

Here we demonstrate the generation of high-brightness terahertz waves using parametric wavelength
conversion in a nonlinear MgO doped LiNbOs crystal. We revealed novel parametric wavelength
conversion process using stimulated Raman scattering in MgO:LiNbO3 without stimulated Brillouin
scattering using recently-developed microchip Nd:YAG laser. We also demonstrated the coherent
detection of generated terahertz waves using nonlinear up-conversion.

A number of applications require high brightness, that is, intense and narrowband, terahertz waves
such as observing multi-photon absorption to specific excitation states. We speculate that the high-
brightness terahertz wave and its visualization could be powerful tools not only for solving real world
problems but also fundamental physics. We expect that these methods will open up new fields and tune
up killer applications.
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Abstract

Terahertz frequencies are among the most under developed electromagnetic spectra, even though their
potential applications are promising in biochemical sensing, imaging for medical and security
applications, astrophysics and remote atmospheric monitoring, and high-bandwidth communications.
Among their wide applications, the lightweight, low voltage and broadband sources of high-power
coherent THz radiation are important for military radar, electronic countermeasure systems and
communications [1]. Vacuum electronic devices [2]-[5] such as the traveling wave tube amplifier
(TWTA), backward wave oscillator and extended interaction oscillator show great potential for
applications at the frequency because of wide band and high power. At THz band, the most critical
part of small size THz vacuum sources is the slow wave structure, which determines the output
performances, such as the output power and signal band. In the millimeter and sub-millimeter wave
vacuum devices, the various of SWSs including coupling cavity, disk-loaded, helix and complex CC are
used. However, they are not suitable for the THz band, resulting from the difficulty of fabricating and
integrating.

Folded waveguide (FW) or serpentine circuits, for example, have ~10:1 aspect ratio in the waveguide
height dimension. This is much larger than the ideal for both machining, which is limited by the length
of the tool shank with acceptable wobble; and photolithography, which is limited by defocusing and
absorption of light as it penetrates into deep photoresist. These requirements are the topic of ongoing
research in the vacuum electronics community, motivated by the continued interest in high power mm-
THz sources. Consequently, there is a great interest in the study and development of FW SWS. For the
satisfied with requirement of high speed communication and ViSAR, the TWT has been developed.
Based on the FW, the small size THz vacuum devices are developed in China, including UESTC, IECAS
CETC 12 and CAEDP, etc. In this talk, we report the development of small size THz vacuum devices in
IECAS.

At IECAS, three kinds THz devices have been developed, such as the 0.3THz EIO, the peak power
exceeds 4W. The 0.1THz EIO generates the output power is larger than 12W. Moreover, the THz TWT
has been developed through the small size electron gun, high strength focusing magnetic field and high
frequency structure welding. It produces the output power exceeds 2W and the band width is larger than
5GHz. Now we are developing the continued wave TWT for the power exceeds 10W and signal band
width larger than SGHz.

30



Abstracts — Terahertz Technology

Wenxin Liu is Associate Professor of Institute of electronics, Chinese Academy of
Sciences. He is a Senior member of IEEE society. He was the recipient of the progress
prize in military scientific and technology for his contributions to the field of THz
devices in 2007, 2012 and 2016.

His current research interests include terahertz sources, high power microwave, and free-

electron laser.

31




Abstracts — Terahertz Technology

Session A2
Al10
12:00 - 12:25 PM Room A June 20

Recent Progress of Terahertz Detection Based on Two-dimensional
Materials

CHANGLONG Liu, WEIWEI TANG, LIN WANG"

National Laboratory for Infrared Physics,Shanghai Institute of Technical Physics, Chinese Academy of Sciences.200083,
Shanghai, China

Email: wanglin@mail.sitp.ac.cn

Abstract

Recent years, layered van der Waals crystals consist of individual atomic planes weakly coupled by
vdW interaction have attract great interests due to their intriguing physical properties, such as
superconductivity, high carrier mobility, topologically protected surface states and among many others.
An ambitious practical goal is to exploit planes of vdW crystals as building blocks of more complex
optoelectronic application, especially in the terahertz band. The pursuit of two-dimensional materials
for terahertz detection is promoted by the unique properties beyond traditional system, such as good
CMOS-compatibility, easy for fabrication and fast response. Especially, graphene can support terahertz
plasmon which can lead to enhanced THz absorption. Graphene-based terahertz detectors rely on the
photothermoelectric and self-mixing effects [1][2], both of these effects depends on the near-field or the
decay of plasmons. Also, other two-dimensional materials such as black phosphorus, topological
insulator exhibit exotic THz optoelectronic properties, such as anisotropic band structure in BP,
interplay between surface states and bulk states in Bi2Ses[3].
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Abstract

Since terahertz provides a wide frequency band, terahertz communication realizes a data rate exceeding
100 Gbps approaching fibre-optic speed. The frequency band from 252 to 275 GHz has already been
allocated for communication. Further discussion is being made to use the frequency band exceeding 275
GHz, which has not been assigned yet, for communication use. On the other hand, since terahertz has
large atmospheric attenuation and strong directivity, it is limited to short-distance fixed radio
communication. However, it is long-distance and mobile application that is intrinsically expected for
wireless communication. In this talk, even in terahertz, it is shown that kilometre communication is
potentially possible by selecting the frequency appropriately. It is also shown that terahertz
communication can be performed using CMOS process, which was said to have inferior high frequency
characteristics to compound semiconductors. How will the world change when technologies beyond
such conventional common sense are established? The impact of terahertz communication and the
contribution of CMOS transceivers are discussed.
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Abstract

Surface plasmon Resonances (SPR) antenna has aroused considerable interest in the field of terahertz
research owing to its extraordinary light concentration capacity. This paper focuses on the design of
silicon material based SPR antenna for CMOS Terahertz detector. Computer Simulation Technology
has been used to predict antenna resonance frequencies, local field enhancements and distributions. The
designed antenna structures at 0.65THz are then integrated with CMOS terahertz detector. The
experimental results show that by combining with Si SPR antennas, the maximum voltage responsivity of
CMOS terahertz detector can be boosted by up to 17 times due to the increased field concentration in
the channel area of MOSFETs. The antenna design with plasmonic effects provides a technology
platform for the ease of design and fabrication of CMOS THz detectors.

Keywords: Surface Plasmon Resonances, CMOS Terahertz detector, Voltage response, Antenna
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Abstract

Based on the air-slot line-defected photonic crystal nano-cavity [1], here we develop a monolithic
integration of photonic crystal optomechanical oscillators and on-chip high speed Ge detectors (see Fig.
1) by using the silicon CMOS platform. With the generations of both high harmonics (up to 59th order)
and subharmonics (down to 1/4), due to strong mutual couplings between optomechanical self-sustained
oscillation and self-pulsation oscillation, our chipset provides multiple low phase noise frequency tones
[2] for applications in both frequency multipliers and dividers. The synchronization between two
mechanical modes [3] and dynamical chaos [4] in the optomechanical cavity are reported as well. These
characteristics enable optomechanical oscillators as a frequency reference platform for radio-frequency-

photonic information processing.

(b) - ©) @

Fig.1 Fabricated optomechanical cavity integrated with on-chip Ge-detector

Moreover, we further demonstrate a chip-scale optomechanical cavity with large mass (see Fig. 2)
which operates at ~77.7 kHz fundamentally and exhibits large optomechanical coupling of 44+ GHz/nm.
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The mechanical shifting range of ~58 kHz and more than 100-order harmonics are obtained with which
the free-running frequency instability is lower than 10-6 at 0.1 sec integration time [5]. The
optomechanical coupling strength can be mechanically controlled by taper fiber and the Drude self-
pulsation plasma locking is also reported in this platform [6]. Such large mass optomechanical cavity
can be applied for the sensing applications, such as accelerometers and magnetometers.

Fig.2 Fabricated large mass optomechanical cavity
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Abstract

Terahertz technology promises unique applications in high speed communication, high accuracy
imaging and so on [1]. However, one major bottleneck for developing Terahertz application systems is
the lack of high-performance dynamic devices for effectively manipulating the Terahertz wave. In recent
years, the rapid development of two-dimensional electron gas (2DEG) devices provides a promising
way to develop dynamic terahertz devices [2]. In this paper, we combined a stagger-netlike metamaterial
array with high-electron-mobility transistor (HEMT) structure to form a electronic grid-controlled THz
modulator. By controlling the carrier concentration of 2DEG, the mode conversion between two kinds
of dipolar resonances has been realized. Modulation depth of this device can reach up to 94%. More
importantly, in the dynamic test, 600 MHz sinusoidal signals was received by a THz detector. It may
provide a way to achieve effective active devices in THz wireless communication system.
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Fig.1 (a) 3-D structure of a GaN HEMT metamaterial unit cell. (b) Schematic of the THz modulator.
(c)Simulation transmission spectrum results with different carrier density. (d) Image of packaged THz

modulator. (e) The received sinusoidal modulating signals.
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Abstract

Use of terahertz waves for sensing various type of materials has been an important subject of research.
The target materials include biological tissues, various kind of liquids, industrial products, etc. In most
of cases, water is the most important absorber of terahertz waves. It is crucial, therefore, to understand
the terahertz absorption properties of water in various situations.

It is known that the terahertz absorption of water is strongly affected by the interaction with other
molecules in solutions, gels, crystals, or other types of phases. In aqueous solutions, for example, the
solute is stabilized by the interaction with surrounding water molecules, and the water molecules
incorporated in this interaction are very often strongly bound to the solute, leading to reduced mobility
and reduced terahertz absorption.

We have constructed a high-precision terahertz time-domain spectroscopy apparatus for hydration
study. Results of hydration study of protein (hen egg white lysozyme) aqueous solution with several
ammonium salts [1,2] is briefly described below. Terahertz absorption coefficient of the protein-salt
aqueous solutions and salt aqueous solutions were obtained as a function of the salt concentration. The
difference between the results of protein-salt aqueous solutions and those of salt aqueous solutions
exhibits the nature of the hydration water of the protein and also the effect of salt on them. It was found
that the hydration layer of the protein is affected by ions (mostly anions) added to the solution, and that
so-called kosmotropic ions (structure makers), such as sulfate ion, reduce the amount of immobile
hydration water, whereas chaotropic ions (structure breakers), such as thiocyanate ions, increase it. It is
shown that the dynamical properties of hydration water molecules is correlated with the stability of the
macromolecules, whereas their density with the solubility.

Measurements on other types of water-rich systems have shown that the mobility of water sometimes
increases after hydration, or that the hydration number changes drastically upon a small change in the
concentration. Study of hydration using terahertz waves is expected to produce fruitful results in various
fields including solution chemistry, sol-gel science, biology, and medicine.
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Abstract

By supporting tens or hundreds GHz bandwidths, Terahertz (THz)-band (0.1-10 THz)
communication is envisioned as a key wireless technology of the next decade. The THz band will help
overcome the spectrum scarcity problems and capacity limitations of current wireless networks, by
providing an unprecedentedly large bandwidth. In addition, THz-band communication will enable a
plethora of long-awaited applications, both at the nano-scale and at the macro-scale, ranging from
wireless massive-core computing architectures and instantaneous data transfer among non-invasive
nano-devices, to ultra-high-definition content streaming among mobile devices and wireless high-
bandwidth secure communications.

In this invited speech, an overview of THz-band communications will be provided. First, the current
progress and open research directions in terms of THz-band channel modeling will be presented. The
main phenomena affecting the propagation of THz signals will be explained and their impact on the
channel capacity will be assessed. Second, novel communication mechanisms such as the modulation
techniques, resource allocation, timing acquisition schemes, and Ultra-Massive Multiple-Input
Multiple-Output (UM- MIMO) will be presented. Finally, the state of the art and open challenges in
the network layer design and other relevant research directions will be stated. This presentation is
expected to provide the audience with the necessary knowledge to work in a cutting-edge research
field, at the intersection of antennas and propagation, and information and communication
technologies.
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Abstract

Advanced optical fiber communication technologies enable low-loss and broad-bandwidth transmission
in the millimeter-wave and terahertz-wave bands via an optical fiber network. Precise optical
modulation techniques can directly generate the millimeter-wave signals, and finally, an optical
frequency comb signal generated by the modulation also provides the terahertz-wave signals by optical
heterodyning systems. These technologies on the signal generation could be utilized for realization of
distributed antenna system in the millimeter- and terahertz-wave bands based on the optical fiber
network for some specific applications: foreign object debris detection systems for airport runway
surveillance and high-speed railway radiocommunication systems between train and trackside. In the
talk, we briefly introduce the R&D activities on the millimeter- and terahertz-wave for both wireless
communication and radar/non-destructive imaging systems based on photonics.

Keywords: Terahertz-wave, optical frequency comb, optical modulation, FOD detection system, train
communication system

48



Abstracts — Terahertz Technology

Dr. Atsushi Kanno received B.Sci., M.Sci., and Ph.D. degree in science from the
University of Tsukuba, Japan, in 1999, 2001, and 2005, respectively. In 2005, he
was with the Venture Business Laboratory of the Institute of Science and
Engineering, University of Tsukuba. In 2006, he joined the National Institute of
Information and Communications Technology (NICT), Japan. His research
interests are microwave/millimeter-wave/terahertz photonics, ultrafast optical and
radio communication systems, lithium niobate optical modulators, and ultrafast phenomena in
semiconductor optical devices. He is a member of the Institute of Electronics, Information and
Communication Engineers (IEICE), the Japan Society of Applied Physics (JSAP), the Laser Society of
Japan, and the Institute of Electrical and Electronic Engineers (IEEE).

49



Abstracts — Terahertz Technology

Session A4
Al8
17:15 - 17:40PM Room A June 20

ECP: Error Control with Probing for Electromagnetic Nanonetworks with
Energy Harvesting

XIN-WEI YAO, DE-BAO MA

College of Computer Science and Technology
Zhejiang University of Technology, Hangzhou, China

Email: xwyao@zjut.edu.cn, dbma@zjut.edu.cn

MENG-NA ZHANG,CHAO-CHAO WANG

College of Computer Science and Technology
Zhejiang University of Technology, Hangzhou, China

Email: mnzhang@zjut.edu.cn, ccwang@zjut.edu.cn

Abstract

Nanonetworks consist of nano-scale communicating devices, which can only perform some simple
tasks such as computing, data storage and processing at the nanoscale. The major challenges in
nanonetworks are posed by the very limited energy storage and the high error-prone wireless links as a
result of severe path loss in Terahertz band (0.1-10 THz). Therefore, efficient and effective error control
mechanisms are required for nanonetworks [1-3]. In this paper, firstly, a novel error control mechanism
with probing mode (ECP) for nanonetworks with energy-harvesting system is proposed. In particular,
each packet will be transmitted only after one probing packet is transmitted successfully. Secondly, the
corresponding mathematical model of the energy harvesting-consumption process is developed based
on the extended Markov chain. With the proposed energy model, the energy consumption of each
transmitting state and its probability distribution are comprehensively investigated. Finally, numerical
results are provided to evaluate the performance of the proposed ECP with different metrics, including
end-to-end packet delay, end-to-end packet delivery probability and the achievable throughput. The
results show that the proposed ECP improves the energy utilization and decreases the packet error rate.

) Probing Mode
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Fig.1 Energy model of the energy harvesting-consumption process based on Markov chain.

Table 1 The list of notation

Symbol Description

{ E} The energy state when the energy value is £.

E, Initial energy value.

E,. The energy value of receiving a feedback or receiving a packet,
which is supposed as the data receiving energy threshold 7.

E,, The energy value of sending a packet, which is supposed as the data
sending energy threshold y.

E,, The total energy value of sending a probing packet and receiving a

E_. Energy saturation value.

E,p An energy value between £, +FE,, and E.

E..+E, Suppose the probing mode energy threshold is & .

A Energy-harvesting rate.

A (t) The probability of receiving data packets.

A, (1) The probability of sending probing packets

A (1) The probability of sending data packets.

The proposed ECP for EM nanonetworks operates as follows. Each nanonode will enter the probing

mode only as the energy value is beyond the energy threshold & =

probing packet will be transmitted to detect the channel conditions at first. Then data packet will be
transmitted only after the probing packet is transmitted and received successfully and the remained

E, +E

energy is still beyond the energy threshold 7 —Epr .

The mathematical model for the energy harvesting-consumption process based on extended Markov
chain is shown in Fig.1. In the Fig.1, each state in the energy model corresponds to an energy state of
nanonode. The dashed box in Fig.1(a) refers to a set of states that the nanonode belongs to the probing
mode, which is detailed described in Fig.1(b). The solid lines represent the energy harvesting process
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while the dotted lines represent the energy consumption process. The short dashed lines represent the
energy consumption processes of sending probing packet or receiving its feedback. The long dotted
lines represent the energy consumption processes of sending data packet or receiving its feedback.
In detail, two cases in the model of the energy harvesting-consumption process based on Markov
chain are described as follows:
Case 1: The process of energy harvesting operates as follows: nanonode keeps harvesting

energy without sending or receiving any packet from the initial energy state {Eo} to the saturation

energy state of {Ema"} .

Case 2: The process of energy harvesting and data transmission operates as follows: from

the beginning of initial energy state {EO} , the nanonode keeps harvesting energy and receiving packets,

but it does not send any packet. After at the state {EP r+Ep } , there are two conditions:
CONDITION 1: The mode of energy harvesting and data reception: nanonode keeps
harvesting energy and receiving packets without sending packets until the nanonode reaches the

maximum energy and enters the energy saturation state.
CONDITION 2: Probing mode: nanonode keeps harvesting energy and receiving packets.

{EPP +EPE}

into the probing mode. In the probing mode, nanonode will firstly send out one probing packet to detect
the channel condition, and then receive the corresponding feedback. As a result, nanonode consumes

In addition, as the nanonode wants to send data packet in a certain state like , it will enter

the energy of Ep and enters into the energy state of {EP ” } . According to the feedback of the probing

packet, there are two cases:
If the feedback is a NAK or timeout, i.e., the channel is in bad condition, nanonode needs to retransmit
the probing packet until reaches the maximum retransmission time. Note, it is necessary to determine

whether the total energy of the nanonode is beyond the energy threshold 4 every time before detecting

the channel. If so, it means that the energy is sufficient for channel detection and the probing packet can
be send out. The probing is continued until an ACK is received or the maximum number of detection is

reached. If not, the nanonode needs to harvesting energy until beyond the energy threshold 0, and then

channel detection is performed.
If the feedback is an ACK and the energy in nanonode is beyond the energy threshold 7', then one

packet will be transmitted. This process will consume the energy of Epr , and let the nanonode move

to the state of {EP r =L } . It will enter into the probing mode again as soon as the feedback is NAK

or the timeout is received.
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Abstract

Terahertz (THz) filters has attracted great interests because of their essential applications in various THz
systems [1]. Instead of the weak response natural materials, many artificial structures and materials have
been applied to demonstrate THz filter effects [2-5]. However, most of filters have been developed for
spatial THz radiation except a few waveguide filters [6, 7]. Here, we propose a terahertz (THz) narrow
band filter of waveguide type by inserting a straight tube into a ten-period corrugated waveguide. The
periodically corrugated tube wall can always lead to various pass and stopbands in the transparent
spectrum. In both Bragg and non-Bragg stopbands, terahertz wave cannot propagate [8]. When we
inserted a straight tube into a perfect period waveguide, an unexpected transparency appears in the non-
Bragg frequency gap. The waveguide structure is shown in Fig. 1, where a defect is denoted by the
purple frame. On the both side of the defect, there are five periods of the corrugated THz tubes. Using
the finite element method with COMSOL Multiphysics, we calculated the transmission of the
waveguide structures with and without defect, which are shown in Fig. 2 by the solid and dashed lines,
respectively. It is clear that there is an extraordinary transmission in the former non-Bragg gap when the
defect is inserted. To clearly identify the filter effect, we enlarged the transmitted peak and depict it in
the insert. Furthermore, the peak is extremely narrow to be a good candidate for THz filtering. Our
findings provide a terahertz waveguide filter based on non-Bragg gaps of periodic structures. The
proposed structure will benefit the THz system for future applications.
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Fig.1 Waveguide filter with a defect inserted in period structures.
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Fig.2 Transmission spectrum of defect state. The insert is the enlarged view of the filter peak.
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Abstract

Recently there have been many research breakthroughs in two dimensional (2D) materials including
graphene, boron nitride (h-BN), black phosphors (BP) and transition metal dichalcogenides (TMDCs).
The unique electrical, optical, and thermal properties in 2D materials are associated with their strictly
defined low dimensionalities. These materials provide a wide range of basic building blocks for next
generation electronics. The chemical vapor deposition (CVD) technique has shown great promise to
generate high-quality TMDC layers with scalable size, controllable thickness and excellent electronic
properties suitable for both technological applications and fundamental sciences. The capability to
precisely engineer 2D materials by chemical approaches has also given rise to fascinate new physics
which could lead to exciting new applications. In this talk, we introduce the latest development of
TMDC synthesis by CVD approaches and provide further insight for the controllable and reliable
synthesis of atomically thin TMDCs. Understanding on the vapor phase growth mechanism of 2D
TMDCs could benefit the formation of complicated heterostructures and novel artificial 2D lattices.
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Fig.1 Chemical vapour deposition of 2D transition metal dichalcogenides
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Abstract

Recent studies on single- and multilayer molybdenum disulfide (MoS2) devices have revealed their
promising characteristics as novel semiconductor devices. Here, we report the effects of environmental
gases on the hysteresis in the transfer characteristics and observation of an anomalously large hysteresis
below 1K for back-gated multilayered MoS: field-effect transistors [1,2]. Comparisons between
different gases (oxygen, nitrogen, air, and nitrogen with varying relative humidities) revealed that water
molecules acting as charge-trapping (dominantly hole-trapping) centers are the main cause of hysteresis.
While the hysteresis persisted even after pumping out the environmental gas for longer than 24 h at
room temperature, it disappeared when the device was cooled to 240 K, suggesting a considerable
increase in the time constant of the charge trapping/detrapping at these modestly low temperatures.
Below 1 K, we observed for the first time an anomalously large hysteresis, which is not attributed to
charge trapping. We hypothesize that this hysteresis results from the slow injection of electrons via
quantum tunneling through the Schottky barrier at the contacts. The size of the hysteresis increased with
increase in the scan rate of the gate voltage, which is consistent with the possibility of very slow injection
of electrons.

v (V)

Fig.1 Transfer characteristics of a back-gated MoS> FET with Cr/Au contacts measured at 30 mK. The
thickness of the MoS: flake is ~70 nm. A large hysteresis with an abrupt jump in the drain-source current is

observed.

62



Abstracts —Synthesis and Application of Transition-metal dichalcogenides

References

[1] Y. Shimazu, M. Tashiro, S. Sonobe, M. Takahashi, Environmental effects on hysteresis of transfer
characteristics in molybdenum disulfide field-effect transistors, Sci. Rep. 6, 30084 (2016). doi:
10.1038/srep30084

[2] Y. Shimazu, K. Murata, S. Toda, Anomalous hysteresis below 1 K in the transfer characteristics of
MoS: field effect transistors, Jpn. J. Appl. Phys. 54, 031201 (2015).

doi. 10.7567/JJAP.54.031201

63



Abstracts —Synthesis and Application of Transition-metal dichalcogenides

Yoshihiro Shimazu is Associate Professor in Department of Physics of
Yokohama National University since 1996. He received his Ph. D. in physics in
1993 from the University of Tokyo. He is a Member of the Physical Society of
Japan.

In 1991-1996, he studied experimental solid state physics at the University of
Tokyo, using low-temperature environments (including dilution refrigerators)
and microfabrication technique. In 1999-2000, he worked as a visiting scientist at
Delft University of Technology, where he experimentally studied a superconducting quantum bit based
on small Josephson junctions.

His current research interests include electric-field effects and low-temperature transport in 2D materials
(transition-metal dichalcogenides, transition-metal monochalcogenides, misfit layer compounds,
graphene etc.), and micro/nano fabrication of electronic devices, novel superconducting materials, and
quantum phenomena in mesoscopic systems.

64



Abstracts —Synthesis and Application of Transition-metal dichalcogenides

Session B1
BO3
8:50 - 9:15 AM Room B June 20

Valley Edelstein Effect in Monolayer Transition Metal Dichalcogenides

*KATSUHISA TAGUCHI, YUKI KAWAGUCHI, YUKIO TANAKA

Department of Applied Physics, Nagoya University, Nagoya, 464-8603, Japan

Email: *taguchi@rover.nuap.nagoya-u.ac.jp

KaM TUEN LAW

Department of Physics, Hong Kong University of Science and Technology, Clear Water Bay, Hong Kong, China

Abstract

Monolayer transition metal dichalcogenides (MTMDs) exhibit spin-orbit coupling (SOC) called Ising
SOC, which polarizes electron spins to opposite out-of-plane directions for electrons in opposite valleys. So
far, several valley-dependent phenomena, such as valley-selective circularly dichroism [1] and valley-Hall
effect [2], have been theoretically studied and experimentally reported. These valley-dependent phenomena
have applications for electronics and optics using valley-degrees of freedom. Here, we theoretically predict
the valley Edelstein Effect (VEE), which is an electric-field-induced spin polarization effect, in the MTMDs
in the presence of Rashba and Ising SOC [3]. The spin polarization due to the VEE is given by

(sVEEY = ey, [CL(ZA x E) +vC E]

where v=£1 is the index denoting the valley degrees of freedom, e<$ is the elementary charge of an
electron, ve is the 2D density of states with m being the effective electron mass, z is a unit vector normal

to the system, and C | and C|| are the response coefficients that we calculate in the following sections.

The second term in the above equation is the main result in this work.

We found an unconventional valley-dependent response in which the spin-polarization is parallel to
the applied electric field and the spin-polarization is opposite at opposite valleys due to the Ising SOC.
This is in sharp contrast to usual Edelstein effect in which the induced spin-polarization is perpendicular
to the applied electric field. We attribute the VEE to the valley Hall effect and Ising SOC [See Fig.1].
Since the conventional Edelstein effect is promising to spintronics devices, our obtained VEE can be
useful for an application to electronics devices with spin and valley-degrees of freedom.
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shift

spin of the Rashba SOC spin of the Rashba SOC
and the Ising SOC

Fig.1 Mechanism for (a) the conventional Edelstein effect at f;=0 and (b) the VEE at ;#0. The top panels
show the shift of the Fermi surface around the $K38 point, where the dashed (solid) lines represent the spin-split
Fermi surfaces in the absence (presence) of an applied electric field. The spin structures on the Fermi surface
are depicted in the bottom panels. Due to the Ising SOC, the spins have the longitudinal component, which
shifts the Fermi surfaces perpendicular to the applied field via the valley Hall effect as shown in (b).
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Abstract

Chemical vapor deposition (CVD) is a simple but powerful technique to synthesize thin films of
various materials. It can also be used to synthesize nano-structured materials if it is used with nano-
structured templates or catalysts. We have developed separate flow CVD system to make multilayered
transition metal dichalcogenides (TMDCs) or doped layers [1,2]. We used the apparatus to make
nanocomposite between carbon nanotube and MoS: that was applied to photovoltaic applications (Fig.1)
[3]. We also describe the search for the catalysts to make TMDC nanostructures.

a) C)
CNT MoS;
= RBM
: A
. €
urnace 5] 1
e 52 G > -
» — 8
- MEC 5
Container A = SHOYSi E
» s - T | T T | |
=
sl I-'r E E M 100 200 300 . 400 500 600
780°C ZoneA  ZomeB Raman Shift (cm™")

60°C 1000°C
Fig.1 (a) Separate flow CVD[1,2] (b) TEM image and (c) Raman spectrum of MoS: nano flakes grown on
carbon nanotube bandles[3].
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Abstract

Advanced materials for electrocatalytic andphotoelectrochemical water splitting are central to the area
of renewable energy. Recently, two dimensional layered materials of MX2 (M: Mo, W; X:S, Se, etc.)
have emerged as a new kind of catalysts for such applications. Our group have reported the direct
synthesis of high-quality, domain size tunable, strictly monolayer MoS: flakes on commercially
available Au foils by a chemical vapor deposition (CVD) method. The nano-sized triangular MoS: flakes
on Au foils are proven to be excellent electrocatalysts for hydrogen evolution reaction (HER), featured
by a rather low Tafel slope (61 mV/dec) and a relative high exchange current density (38.1 pA/cm?).
The excellent electron coupling between MoS: and Au foils is considered to account for the
extraordinary HER activity [1]. Furthermore, via a facile all-CVD approach, we have also demonstrated
the direct growth of monolayer MoS: on graphene (MoS2/Gr) over Au foils [2, 3]. A dramatic decrease
of the bandgap from ~2.20 to ~0.30 eV was detected at the domain edge of MoS: within a lateral distance
of ~6 nm, as evidenced by STM/STS observations. The edges of monolayer MoS2 nano-sheets were
thus served as narrow-gapquantum wires, which can greatly facilitate the electrocatalytic property of
MoS: in HER [4]. Meanwhile, we also synthesized either MoS2/WS2 or WS2/MoS: vertical
heterostructures on Au foils by a growth-temperature-mediated, selective two-step CVD strategy.
Relative enhancement or reduction in the photocatalytic activities were observed for MoS2/WS2 and
WS2/MoS:2 in HER under illumination, respectively. This is explained from the type-II band alignment
of the MoS2/WS: stack that enables effective electron-hole separation and fast electron transfer kinetics,
as well as directional electron flow from electrode to catalytically active sites [5]. The abovementioned
efforts are expected to establish the internal relationship between the metallic edge states of MoS:2 and
its HER performances, as well as the advantage of MX2/MX2 vertical stacks in photocatalytic HER
applications.

Keywords: MX>, Heterostructures, Hydrogen evolution reaction.
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Abstract

Freestanding flexible Si nanoparticles-multi-walled carbon nanotubes (SiNPs-MWNTs) composite
paper anodes for Li-ion batteries (LIBs) have been prepared using a combination of ultra-sonication and
pressure filtration. No conductive additive, binder or metal current collector is used. The SiNPs-
MWNTs composite electrode material achieves first cycle specific discharge and charge capacities of
2298 and 1492 mAh/g, respectively. To address the first cycle irreversibility, stabilized Li metal powder
(SLMP) has been utilized to pre-lithiate the composite anodes. As a result, the first cycle irreversible
capacity loss is reduced from 806 to 28 mAh/g and the first cycle coulombic efficiency is increased from
65% to 98%. The relationship between different SLMP loadings and cell performance has been
established to understand the pre-lithiation process of SLMP and to optimize the construction of Si-
based cells. A cell containing the pre-lithiated anode is able to deliver charge capacity over 800 mAh/g
without undergoing the initial discharge process, which enables the exploration of novel cathode
materials.

It was also found out the SINPs-MWNTs electrode with 3:2 S/MWNT ratio exhibits the optimal
balance between the high capacity of SiNPs and the high electrical conductivity and structural
stabilization quality of MWNTs, leading to a high rate capability, high specific capacity, and cycle life
surpassing the conventional slurry-cast SiNPs electrode using binder and Cu current collector. The
reversible capacity is 1866 mAh/g (based on the total composite weight, the same below) at current
density of 100 mA/g. After 100 cycles, the electrode retains capacity of 1170 mAh/g at 100 mA/g and
750 mAh/g at 500 mA/g. The superior performance is believed to be due to the cooperative or even
synergistic effect achieved by the optimal combination. Furthermore, the freestanding feature of our
electrode eliminates the non-active mass, which is promising for enhanced capacity and energy density
of Li-ion cells.
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Abstract

Silicon is widely regarded as one of the most promising anode materials for next-generation lithium-
ion batteries, making Li-Si an important energy storage system. During Li insertion into Si, stress of
gigapascal level is introduced accompanied by a volume expansion up to 280%, alters properties of
materials, and leads to mechanical failure of Si anodes.

Lii5Sis (alpha- LiisSi4, space group: 1-43d), the only crystalline phase that forms during lithiation of
the Si anode in lithium-ion batteries, was found to undergo a structural transition to a new phase (beta-
Li15Si4) at approximately 7 GPa (see Fig.1). Ab initio evolutionary metadynamics calculations suggest
beta-Li15Si4 has an orthorhombic structure with an Fdd2 space group. This new beta- LiisSis has
substantially larger elastic moduli compared with alpha- LiisSis, and has good electrical conductivity.
As aresult, beta- Lii5Sis has superior resistance to deformation and fracture under stress. The theoretical
volume expansion of Si would decrease 25% if it transformed to beta- Lii5Si4, instead of alpha- LiisSia,
during lithiation. In addition, the fact that beta- LiisSis can be recovered back to ambient pressure,
provides opportunities to further investigate its properties and potential applications. [1]

Nanostructured Si are important materials to address mechanical stress issues in batteries although
their stress were only calculated and no experimental data are available. Using in sifu Raman microscopy
to monitor the shift of the first-order Raman peak of Si, we were able to measure for the first time the
lithiation-induced stress in Si nanoparticles. The shift of Raman peak of Si under hydrostatic stress was
calibrated via an in situ high pressure Raman experiment. We observed a transition in the stress in Si
core of nanoparticles during lithiation, from tensile to compressive (see Fig.2). At the beginning of
lithiation, the reduction of the native oxide surface layer of the Si particle results in a tensile stress of
approximately 0.2 GPa in Si. During the formation of amorphous LixSi in the outer layer of the
nanoparticles, an increasing compressive stress up to 0.3 GPa is introduced to the Si core. This evolving
stress explains the cracks that developed in the amorphous LixSi layer during lithiation of the Si
nanoparticles, and is also consistent with modeling results. These results improve our understanding of
lithiation-induced stress in nanostructured Si anodes, and provide valuable information for their
theoretical study and future design. [2]
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Fig.1 The atomic structure of alpha-Lil5Si4 (lower left) and beta-Lil5Si4 (upper right). Each silicon atom is
surrounded by lithium atoms (green spheres) with the coordination number of 12 (shown in blue polyhedra) or
13 (shown in pink polyhedra)
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Fig.2 The stress in Si nanoparticles (left y-axis) and the potential of the half cell versus Li+/Li (right y-axis) as
a function of lithiation duration.
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Abstract

Developing an anode material with high-energy capacity is crucial to improve the performance of
rechargeable batteries. Si is an important anode candidate because of its large lithium storage
capacity(4200 mAhg! ,about 10 times higher than graphite), (372mAhg'), low lithium
alloying/dealloying potential, long discharge plateau, and abundance. However, the huge volume
expansion/shrinkage of Si particles during charge/discharge cycles results in the pulverization of
electrode structure and causes considerable capacity decay. The lack of electronic contacts between Si
particles or between active coating materials and current collectors reduces its capacity. Many
investigations have been carried out to accommodate this severe volume expansion including novel
nanostructured Si, such as Si wires, Si tubes, porous thin films, and nest-like Si nanospheres, and
multiphase composites with active Si and other active/inactive phases. However, the nano-sized Si
particles would agglomerate during cycling which will decrease the cycling performance, due to high
electrochemical activity. In this presentation, micro-sized polycrystalline Si particles have reduced
agglomeration effect compared to nano-sized ones. We find that the electrochemical performances can
be improved gereatly by introducing proper binder to protect the electrode from cracking and using
suitable conductive agent to provide an efficient conductive channel. By introducing nano-porous
structures through chemical etching, the huge volume expansion can be effectively relievedby
maintaining the complete structure of Si particles duringcharge/discharge cycles. Moreover, combined
withcarbon coating which is attractive owing to the conductive and ductile features of carbon, the
conductivitycan be improved and the volume expansion/shrinkage of Si can be further decreased.
Developing nano-porous structure combining with pyrolyzedpolyacrylonitrile could form a novel
composite electrode.The electrochemical performance can be considerably improved with a conductive
carbon network and nano-porous structure together with carbon layer accommodate the
volumeexpansion/shrinkageduring charge/discharge cycles.
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Abstract
Use of energy storage devices such as lithium ion batteries (LIBs) can help to mitigate the problem of

intermittent photovoltaic (PV) power to achieve higher PV penetration into the electric grid. Also, the
benefit of deployment of electric vehicles for energy sustainable future seems rather irrelevant unless
they are charged using electricity generated from renewables. In addition, large scale practical
applications of battery based electric vehicles is still challenging because of the inflexibility it has with
the charging stations. All these issues can be addressed by use of solar cells as a viable energy source
to charge lithium ion batteries. Here we demonstrate simple, efficient and cost effective photo-
charging design approach where the use of promising low cost solar cells such as perovskite solar cell
or dye sensitized solar cell with the help of DC-DC power conversion can efficiently charge a
Li4Ti5012-LiCoO2 LIB.
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High performances flexible energy storage devices
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Abstract

In this work, the flexible fiber-shaped supercapacitors have been fabricated by using the conductive
polymers and graphene as the electrodes. The prepared fiber-shaped electrodes show good mechanical
properties and excellent electrochemical performances. They can be easily knoted, twisted and woven
into different shapes without sacrificing their electrochemical properties. [1-2].
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Fig.1 Schematic illustration and the SEM images of HCFs and formation of hollow structures.
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Abstract

Modern wartfare urgently needs radar stealth technology to meet the shelter requirements of weapons
and equipment. In this paper, porous carbon fibers were developed as an efficient microwave absorbent
filler to prepare microwave absorbing composites. Firstly, polyacrylonitrile (PAN) was used as carbon
precursor polymer (CPP), while polymethyl methacrylate (PMMA) as thermally decomposed polymer
(TDP). PAN/PMMA (70/30) blend fibers were prepared by a wet spinning of PAN/PMMA solutions.
Secondly, Porous carbon fibers (PCF) were obtained through carbonization of the blend fibers. The
molecular weight of PAN could be used to control the size of pores in PCF, that is, when the average
molecular weight of PAN was 51,000 g/mol and 83,000 g/mol respectively, PCF with pores ranging 1-
10um in diameter (designated PCF-L); and the other one with pores with diameter in the range of 0.1-1
um (designated PCF-S) were obtained. The resultant porous fibers, PCF-L and PCF-S, were used as
microwave absorbing fillers to mix with epoxy respectively, the composites containing 2-6 wt% of the
filler were fabricated. It was found that PCF-S filled composites showed much better microwave
absorption performance than that PCF-L filled one. The composite containing 6 wt% of PCF-S reached
the lowest reflection loss of -32dB; and the reflection loss below -10 dB covered the whole X band. The
change or destruction of the porous structure in PCF showed great effect on the microwave absorption
properties, which demonstrate that the pores in PCF could make great contribution to the microwave
absorption.

Keywords: Porous carbon fibers; microwave absorbent; composites; reflection loss; microwave

absorbing mechanism
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Abstract

With increasing demand for high performance energy storage systems, the feasibility of reliable and
functional energy storage devices that well operates under extreme conditions is of prime importance
for expanding applicative fields as well as for understanding materials’ intrinsic and extrinsic properties
and device physics. Our group has been investigating the control in the physical structure and chemical
composition of 2D graphenes and beyond for ultracapacitive energy storage devices under limited
circumstances, where conditions are classified into thermodynamic (e.g. pressure, volume and
temperature) and kinetic (e.g. high rate and frequency) variables. We also studied a fundamental
foundation via in-situ spectroscopic techniques to understand charge storage phenomenon of new
materials and devices occurring on a nanoscale under various circumstances. In this talk, I will introduce
high temperature operating, flexible supercapacitors based on graphene electrodes that can efficiently
deliver electrical energy under electrochemical, mechanical and thermal stresses.[1-4] In order to
achieve high performance supercapacitor devices under thermal, mechanical and electrochemical
stresses, the micro- and macroscopic structures and chemical compositions of graphenes are delicately
controlled by chemical modification. A new generation of flexible supercapacitors, with the long-term
durability and outstanding electrochemical properties, were realized, showing a high position of the
Ragone plot, even under severe conditions.
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Abstract
(ORR), and oxygen evolution reaction (OER), respectively. These reactions, however, are sluggish and

require noble metals (e.g., platinum) or their oxides as catalysts. The scarcity and high cost of noble
metals have hampered the commercial applications of these technologies.[1] Therefore, it is necessary
to search for alternative materials to replace Pt. Carbon nanomaterials, such as carbon nanotubes (CNTs)
and graphene, are appealing as an alternative for metal-free catalytic applications because of their
structures and excellent properties. Although the superior catalytic capabilities of heteroatom-doped
carbon nanomaterials for ORR have been demonstrated, trial-and-error approaches are still used to date
for the development of highly-efficient catalysts. To rationally design a catalyst, it is critical to correlate
intrinsic material characteristics with catalytic activities. Through first-principles calculations, we have
identified a material property that serves as the activity descriptor for both ORR and OER, and
established a volcano relationship between the descriptor and the catalytic activities of the carbon-based
nanomaterials.[2] The design principles can be used as a guidance to develop various new carbon-based

In fuel cells and metal-air batteries, there are critical chemical reactions: oxygen reduction reaction

materials for clean energy conversion and storage.
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Abstract

High-frequency supercapacitors are being studied with the aim to replace the bulky electrolytic
capacitors for current ripple filtering and other functions used in power systems. Here 3D edge-oriented
graphene (EOG) was grown encircling carbon nanofiber (CNF) framework to form highly conductive
electrode with a large surface area. Such EOG/CNF electrodes were tested in aqueous and organic
electrolytes for high-frequency supercapacitor development. For the aqueous cell and the organic cell,
the characteristic frequency at —45° phase angle was found to be as high as 22 kHz and 8.5 kHz,
respectively. At 120 Hz, the electrode capacitance density was 0.37 mF cm—2 and 0.16 mF cm—2 for
the two cells. In particular, the 3V high-frequency organic cell was successfully tested as filtering
capacitor used in AC/DC converter, suggesting the promising potential of this technology for compact
power supply design and other applications.
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Abstract

The g-C3N4 nanosheets were fabricated with guanidine hydrochloride and NH4Cl as the precursor and
AgBr colloidal spheres were uniformly dispersed on the curly g-C3Na ultrathin nanosheets to form the
composite AgBr/g-CsNa. The introduction of g-CsN4 improved the stability of AgBr and optimized
spatial charge carrier transfer. The as-prepared AgBr/g-C3N4 afforded excellent activties toward methyl
orange (MO) degradation under the LED-irradiation. The separation mechanism of photoexcited carriers

for the photocatalyst was accordingly proposed.

Keywords: AgBr/g-CsNs; AgBr; g-C3Na; methyl orange; photocatalysis
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Abstract

The rapid development of portable miniaturized electronics has improved the research demand for
compact energy storage components with high energy and power densities. In recent several years, a
new type on-chip energy storage unit, which is called micro-supercapacitor (MSC) with two
interdigitated electrodes in the same plane, has attracted much research attention, because MSCs possess
not only the advantages of the supercapacitors, such as high power densities, robust cycle performance,
pollution-free operation, and maintenance-free features, but also the small size, light weight, and
flexibility, as well as the simplified packaging processes and compatibility to the integrated circuits.
However, the materials and fabrication methods should be cost-effective, scalable, and compatible with
current electronic industries. Carbon materials, especially graphene, which possess high specific surface
areas, electrochemical stability, high conductivity, and high mechanical tolerance, can meet the
requirement for energy storage unit in flexible wearable devices. Laser induced carbonization from
polymers and laser induced reduction of graphene oxide have been reported for the preparation of MSCs
due to the high power at the focused area. Compared to the commonly used printing and lithographic
techniques, laser direct writing is a non-contact fast single-step fabrication technique with no need for
masks, post-processing, and complex clean environments. Moreover, the laser direct writing method
has the potential to be integrated to current product lines for commercial use. Therefore, it is necessary
and important to study the preparation of high-performance micro-supercapacitors on graphene oxide
or polymer films by laser direct writing technique.

In this paper, we will introduce our recent studies on the laser direct writing of high-performance
micro-supercapacitors on polyimide and graphene oxide films, which consists of the following several
parts: the preparation of carbon MSCs by laser direct writing on polyimide films in air using a
continuous-wave blue-violet semiconductor laser (Fig. 1);[1] the improvement of the carbon MSCs by
laser direct writing in Ar;[2] the carbon/Au MSC with high-rate charge-discharge capacitive
performance;[3] and electrolyte-free high-performance reduced graphene oxide (RGO)-GO-RGO

MSC:s prepared by laser direct writing on graphene oxide films (Fig. 2).[4]
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Fig. 2 Schematic illustrating of a MSC device obtained by laser direct writing. Ag paste was used to make good
connection between Cu tape electrodes and RGO lines.
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Abstract

In the last two decades, the significant efforts have been made to develop alternative energy sources
instead of fossil fuels because of increasing CO2 emissions and the environmental impacts. Besides;
hydrogen has been concerned to be an ideal clean energy carrier among the other renewable energy
sources because of its environmental friendliness. However, some challenges have to be addressed
before hydrogen will become a conventional and commonly available energy carrier. Carbon-based
materials such as graphene and carbon nanotubes have been designed for hydrogen storage due to their
large surface area, light weight, and tunable properties. Recently, we proposed a new strategy in which
we considered three pure transition metal (TM) atoms or/and a combination of two TM atoms and one
alkali earth metal atom (AEM) with high, medium and low hydrogen adsorption energies. These
different metal atoms are used to decorate the Boron doped graphene sheet (BDG) and investigated their
performance towards hydrogen storage capacity through spillover mechanism using first-principles
calculations. Our results indicate that that the activation energies for H atom diffusion are much smaller,
indicating that a fast H diffusion on this proposed surface can be achieved. These TM and AEM atoms
decorated BDG surface can have the maximum hydrogen gravimetric capacity of 6.4% for double-sided
adsorptions. To achieve higher gravimetric density, we also considered the Boron and Nitrogen co-
doped graphene surface (BNDG) because B—N pair is isoelectronic to the C—C pair. However,
controlling the binding strength of considered metal atoms with that of the BNDG surface is an
important issue in the application of hydrogen storage. The recent studies have shown that the binding
strength between the metal atom and the substrate can be controlled by means of applying an external
electric field. Thus, the effects of the external electric field, as well as the effects of applying point
charges on the designed medium towards its hydrogen storage capacity, will be discussed.
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Abstract

Topological insulators and Rashba systems with spin-split energy band structure induced by strong
spin-orbit interaction have attracted a great attention for the dissipationless spin current transport. The
spin orientation of such spin-split state is locked with their crystal momentum and is strongly influenced
by the symmetry of surface crystal. However, so-far, most of topological material and Rashba systems

are sp-electrons system with Csv point group symmetry [1].

Recently, we have reported spin polarized Dirac-cone surface state on W(110) with  Czv symmetry
[2]. This surface state is formed by d-electrons and strongly influence by two-fold symmetry: the

massless and massive band dispersion along THand TN . Moreover, by model Hamiltonian based on

kep theorem, it have been predicted that the spin-polarized flatten Dirac-cone surface state shows quasi-
one dimensional spin texture as shown in Fig.1 [3]. However, there is no evidence for the spin texture

on W(110).
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Fig.1 (a) Energy Contours of the surface sate as function of kx, ky for energies around crossing point based on

model calculation.(c) Spin texture for the constant-energy surface (solid line) at 0.02¢V above crossing point.

The in-plain spin components are shown as arrows.
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In this presentation, we have clarified the spin texture of flatten Dirac-cone surface state on W(110)
studied by spin- and angle-resolved photoemission spectroscopy. The observed spin texture is good
agreement with our predicted one. This research is the model case of d-electron —based surface state
with C2v symmetry. The finding opens a new avenue in the study of d-electrons-based spin texture with
Cov symmetry. If I have remaining time enough to talk another symmetry surface of tungsten, I will
introduce you.
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Abstract

Topological Dirac/Weyl semimetals, two new quantum phases of matter, attract broad interests from
both con- densed matter and particle physicists[1,2]. A Dirac (Weyl) semimetal with degenerate
(nondegenerate) linear touch- ings, dubbed as Dirac (Weyl) points, in the electronic band structure is
protected by various crystal symmetries (topology)[3-10]. While a Weyl point bears a topological
charge in terms of the momentum-space Berry gauge flux, a Dirac point is neutral since it consists of
two Weyl points of the opposite topological charge[11]. In addition, the Dirac (Weyl) semimetal
exhibits cusps (Fermi arcs) instead of the conventional Fermi ring at the boundary of the Brillouin zone.
On the other hand, because of the Landau level formation under an external magnetic field, these band
touchings gain to hold massless chiral one-dimensional channels rarely seen outside the discussion of
fundamental particles. As a result of the famous chiral anomaly[12-15], the chiral magnetic effect[16]
is realized in such systems and is observed as the negative magnetoresistance[17,18].

Here, we try to provide a natural but yet missing analysis of the chiral matter, Weyl semimetal, in
terms of the powerful framework of Tomonaga-Luttinger liquid, which enables us to examine the
correlation and localization effects largely enhanced in this system under a strong magnetic field. We
found new features unique to the 1D channels such as the independent critical exponents for the Greens
function and the resistivity, which can be directly compared with experiments of realistic materials. The
ubiquitous presence of a large number of Weyl points is also taken into account.

Besides, we consider the Dirac semimetal in the form of a nanowire, i.e., new ingredient of
confinement geometry is added to this conventional gapless topological semimetal. Once a magnetic
field along the nanowire direction is further applied, there will occur a competition between the effects
of the confinement and the magnetic field, which strongly affects how the band gap is opened in the
system. Expectedly, the system at finite temperature will show distinct transport features as one turns
on and gradually increases the external magnetic field.

There has been an increase of interest recently by the micro- or nano-technology community in
considering topo- logical materials emerged in the last decade, whose novel topological properties may
bring about new possibilities in various applications. Based on these findings, we hope to clarify a few
aspects from the viewpoint of either fundamental science or nano-micro engineering.

Acknowledgments
This work was supported by JSPS Grant-in-Aids for Scientific Research (No. 16J07545) from the
Ministry of Education, Culture, Sports, Science and Technology (MEXT) of Japan.

104



Abstracts- Topological Insulator

References

[1] H. Weyl, Zeitschrift fu'r Physik 56, 330 (1929).

[2] B. Q. Lv, H. M. Weng, B. B. Fu, X. P. Wang, H. Miao, J. Ma, P. Richard, X. C. Huang, L. X. Zhao,
G. F. Chen, Z. Fang, X. Dai, T. Qian, and H. Ding, Phys. Rev. X 5, 031013 (2015); S.-Y. Xu, L
Belopolski, N. Alidoust, M. Neupane, G. Bian, C. Zhang, R. Sankar, G. Chang, Z. Yuan, C.-C. Lee, S.-
M. Huang, H. Zheng, J. Ma, D. S. Sanchez, B. Wang, A. Bansil, F. Chou, P. P. Shibayev, H. Lin, S. Jia,
and M. Z. Hasan, Science 349, 613 (2015).

[3] O. Vafek and A. Vishwanath, Annual Review of Condensed Matter Physics 5, 83 (2014); Y. Ren,
Z. Qiao, and Q. Niu, Reports on Progress in Physics 79, 066501 (2016).

[4] S. Murakami, New Journal of Physics 9, 356 (2007).

[5] X. Wan, A. M. Turner, A. Vishwanath, and S. Y. Savrasov, Phys. Rev. B 83, 205101 (2011).

[6] G. B. Hala’sz and L. Balents, Phys. Rev. B 85, 035103 (2012).

[7] G. Xu, H. Weng, Z. Wang, X. Dai, and Z. Fang, Phys. Rev. Lett. 107, 186806 (2011).

[8] D. Bulmash, C.-X. Liu, and X.-L. Qi, Phys. Rev. B 89, 081106 (2014).

[9] A. A. Burkov and L. Balents, Phys. Rev. Lett. 107, 127205 (2011).

[10] A. A. Zyuzin, S. Wu, and A. A. Burkov, Phys. Rev. B 85, 165110 (2012).

[11] G. E. Volovik, The Universe in a Helium Droplet (International Series of Monographs on Physics),
Ist ed. (Oxford University Press,  2009).

[12] S. L. Adler, Phys. Rev. 177, 2426 (1969); J. S. Bell and R. Jackiw, Il Nuovo Cimento A (1971-
1996) 60, 47 (1969).

[13] H. Nielsen and M. Ninomiya, Nuclear Physics B 185, 20 (1981); Physics Letters B 130, 389 (1983).
[14] C.-X. Liu, P. Ye, and X.-L. Qi, Phys. Rev. B 87, 235306 (2013); P. Hosur and X. Qi, Comptes
Rendus Physique 14, 857 (2013).

[15] A. A. Zyuzin and A. A. Burkov, Phys. Rev. B 86, 115133 (2012); A. A. Burkov, Journal of Physics:
Condensed Matter 27, 113201 (2015).

[16] K. Fukushima, D. E. Kharzeev, and H. J. Warringa, Phys. Rev. D 78, 074033 (2008); D. T. Son
and B. Z. Spivak, Phys. Rev. B 88, 104412 (2013); D. E. Kharzeev, Progress in Particle and Nuclear
Physics 75, 133 (2014).

[17]J. Xiong, S. K. Kushwaha, T. Liang, J. W. Krizan, M. Hirschberger, W. Wang, R. J. Cava, and N.
P. Ong, Science 350, 413 (2015); Q. Li, D. E. Kharzeev, C. Zhang, Y. Huang, I. Pletikosi'c, A. V.
Fedorov, R. D. Zhong, J. A. Schneeloch, G. D. Gu, and T. Valla, Nat Phys (2016),
10.1038/nphys3648.

[18] X. Huang, L. Zhao, Y. Long, P. Wang, D. Chen, Z. Yang, H. Liang, M. Xue, H. Weng, Z. Fang, X.
Dai, and G. Chen, Phys. Rev. X 5, 031023 (2015); C. Shekhar, A. K. Nayak, Y. Sun, M. Schmidt, M.
Nicklas, I. Leermakers, U. Zeitler, Y. Skourski, J. Wosnitza, Z. Liu, Y. Chen, W. Schnelle, H.
Borrmann, Y. Grin, C. Felser, and B. Yan, Nat Phys 11, 645 (2015).

105



Abstracts- Topological Insulator

Session A5
A22
8:45-9:10 AM Room A June 21

Spin Texture And Spin Injection In A 3D Topological Insulator

W.M. CHEN,* Y.Q. HUANG, I.A. BUYANOVA

Department of Physics, Chemistry and Biology, Linkdping University
S-581 83 Linkoping, Sweden

*Email: wmc@ifm.liu.se

Y.X. SONG, S.M. WANG

State Key Laboratory of Functional Materials for Informatics, CAS Center of Excellence for Superconducting Electronics,
Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences
865 Changning Road, Shanghai 200050, China

Abstract

One of the most critical steps towards spin functionalized electronics and optoelectronics is to generate
and manipulate spin current in a desirable way. In 3D topological insulators (TIs), a strong spin-orbit
interaction and the time-reversal symmetry result in spin-momentum locking of the surface electrons,
which leads to a unique surface spin texture and the prospect of generating directional and
dissipationless spin current running across the surface that is promising for spintronic applications.
However, the metallic nature that is often found to be inherent to many 3D TIs due to residual defects
has unfortunately imposed a severe obstacle to controlling surface spin current. As a result, very little
experimental work has been done so far on this issue. Moreover, since most of the early studies have
been limited to Bi2Ses - a prototypical TI with a rather weak hexagonal warping effect, the contribution
of the out-of-plane spin texture to the photocurrent remains elusive so far. In this work, we show that,
with circular polarized light, helicity driven photocurrent is obtained in another 3D TI BixTe3 that
exhibits a stronger hexagonal warping effect. We find the helicity-dependent photocurrent to be
sensitive to the incident angle of the light, which could be explained within the framework of the circular
photo-galvanic effect (CPGE) by taking into account the spin texture of the topological surface state.
By correlating the light incident angle and probing surface current directions, we are able to identify
photocurrent components associated with the in-plane and out-of-plane spin texture of the TI and
thereby directly uncover the impact of the out-of-plane spin texture on surface spin current promoted by
the strong hexagonal warping effect. By exploring the out-of-plane spin texture, we demonstrate spin
injection from GaAs to TI and its significant contribution to the surface current [1]. We further show
that the spin current of TI can be manipulated by the precession of injected electron spins in an external
magnetic field. These discoveries pave the way to not only intriguing new physics but also enriched spin
functionalities by integrating TI with conventional semiconductors, such that spin-enabled
optoelectronic devices may be fabricated in such hybrid structures.
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Abstract

2D topological insulator is a new state of quantum matter with the protected metallic edge state inside
a bulk energy gap, which is spin-locked due to the protection of the time-reversal symmetry, leading to
dissipationless transport edge channels. It is thus highly promising and useful for spintronics application
and nanodevices design, and therefore attracting extensive research for the fundamental investigations.
Here we first introduce two general approaches to achieve large gap topological insulators, namely SOC
enhancement via building quantum wells and intrinsic strong SOC to induce topological phase transition.
A large family of 2D TIs based on the two methods is therefore predicted. We then summarize the
current progress of 2D TI research, and assess the current status and challenges of experimental
synthesis and potential device applications of 2D TIs and discuss prospects of exciting new opportunities
for future research and development of this fascinating class of materials.

Kane-Mele model BHZ model
-
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Abstract

The surface states of 3D topological insulators (TIs) possess a helical spin texture in which the spin and
momentum are perpendicularly locked to each other. Due to this spin-momentum locking, a net spin
polarization can be induced by a charge current and vice versa. However, topological surface states are
expected to give rise to only one type of spin polarization for a given current direction, which has been
a limiting factor for spin manipulations. In this talk we report that in devices based on the bulk-insulating
topological insulator BiSbTeSez, two different kinds of spin polarizations were observed in different
devices: The spin polarization expected from the topological surface states was detected in a heavily
electron-doped device, whereas the opposite polarization was reproducibly observed in devices with
low carrier densities. [1] We propose that the latter type of spin polarization stems from topologically-
trivial two-dimensional states with a large Rashba spin splitting, which are caused by a strong band
bending at the surface of BiSbTeSe: beneath the ferromagnetic electrode used as a spin detector. This
finding paves the way for realizing the "spin transistor" operation in future topological spintronic
devices.
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Abstract

Recalling the scenario of Aharonov-Bohm effect that electrons experience a phase shift induced by a
magnetic vector potential in spite of a zero-magnetic field, we have a similar story in topological version
to tell here, where the magnetic field and the magnetic vector potential are replaced by their geometric
counterparts, Berry curvature and Berry connection, respectively.

Starting from a simple two-dimensional tight-binding model with two types of hopping, i.e.
intercellular y and intracellular hopping y’ based on square lattice, we show that nontrivial topological
phase emerges when [y|<|y’| under a zero Berry curvature. Our work offers a new way to design
topological materials without Berry curvatures [1].
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Abstract

Since the first report of graphene mode-locked laser in 2009, the research on mode-locked lasers with
2D materials, such as graphene, topological insulators (TIs), transition metal dichalcogenides (TMDs)
and black phosphorus (BP) as saturable absorber is booming. Here, we summary the recent progress on
the exploitation of these materials in multiwavelength ultrafast lasers and verified that 2D materials-
assisted fiber device is an ideal platform for nonlinear pulse dynamics study. Versatile pulse pattern is
also reviewed. Finally, we present an outlook of multiwavelength lasers regarding current challenges
and future application opportunities.
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Abstract

Using quantum entanglement, quantum coherence, and the reduced density matrix, we study the
quantum phase transitions and propose order parameters for the phases of a topological insulator,
specifically a spinless Su-Schrieffer-Heeger (SSH) model, and consider the effect of short-range
interactions. All the derived order parameters and their possible corresponding quantum phases are
verified by the entanglement entropy and electronic configuration analysis results. The order parameter
appropriate to the topological regions is further proved by calculating the Berry phase under twisted
boundary conditions. It is found that the topological nontrivial phase is robust to the introduction of
repulsive intersite interactions and can appear in the topological trivial parameter region when
appropriate interactions are added.
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Abstract

A two-dimensional (2D) system with strong spin-orbit coupling like a topological-insulator surface and
semiconductor-heterostructure interface has provided a useful platform for realizing novel quantum
phenomena applicable to advanced spintronic devices. 1 bilyer (BL) bismuth is theoretically predicted
to be 2D topological insulator and have a spin-polarized state at edge [1,2]. However, it is not certain
experimentally because to preparer a free-standing 1 BL bismuth is very difficult. Here we challenged
to observe a spin-polarized electric state at edge by different approach. As observed by the atomic force
microscopy (AFM) of our Bi thin film [Fig. 1(a)], triangular-shaped bismuth BL islands with typically
~0.1 pm edge length are formed on the top surface of the Bi thin film, and the edge of each island runs
along the I'K direction in the & space. And we have also observed the 1D band dispersion from the edge
state of bismuth islands measured by ARPES. In this presentation, we show the result of ARPES and
spin-resolved ARPES for bismuth thin film, and discuss the origin of the 1D spin-splitting band
compared with our first-principles band-calculations.
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Fig.1 (a) AFM image measured at 300 K in Air and (b) Band dispersion near Er along I'K line measured at 30
K in UHV for a Bi thin film, respectively.
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Abstract

When magnetic order is introduced into topological insulators (TIs), the time-reversal-symmetry is
broken, and the non-trivial topological surface is driven into a new massive Dirac-fermions state. By
adjusting the Fermi level position, quantum anomalous Hall effect (QAHE) emerges in the Cr-doped
(BiSb).Tes samples where dissipationless chiral edge conduction is realized in the macroscopic
millimeter-size devices without the presence of an external magnetic field, and the stability of the
dissipationless chiral edge conductance is well-maintained as the film thickness varies across the 2D
hybridization limit. By further manipulating the topological surface gap, we realize the metal-to-
insulator quantum phase transition in the system.

In addition to the uniform magnetic TIs, our recent work on several magnetic TI based
heterostructures will be presented. First, in the TI/Cr-doped TI system, we demonstrate that the spin-
orbit torque is highly efficient that the critical charge current density required for the magnetization
switching is three orders of magnitude smaller than that of heavy metals. In addition, by constructing
novel AFM/TT heterostructures, we realize emergent interfacial magnetic effects, which can be tailored
through artificial structural engineering. Finally, by introducing additional superconductivity (SC), we
observe the presence of the chiral Majorana edge mode in the QAHE-SC hybrid system. All these exotic
magnetic TI-based phenomena will serve as fundamental steps to further explore the TRS-breaking TI
systems.

122



Abstracts- Topological Insulator

Xufeng Kou received his BS degree (with honor) in Chu Kochen Honors College
and Optical Engineering from Zhejiang University (2009). From 2009 to 2014, he
received his MS and PhD degrees in Electrical Engineering from University of
California, Los Angeles. In February 2016, he joined ShanghaiTech University as
a tenure-track assistant professor in the School of Information Science and
Technology. So far, Dr. Kou has co-authored 47 peer-reviewed journal papers
including Nature Mater, Nature Nano., Nature Comm., Phys. Rev. Lett., Nano ‘MH\

Lett.. He also holds several awards including the Qualcomm Innovation
Fellowship (2012), Chinese Outstanding Student Abroad Scholarship (2013), Distinguished PhD
Dissertation Award of UCLA (2015), and Chinese 1000 Young Talents Award (2017).

His current research interests include nano-electronics, spintronics and, topological quantum matters

For more information, please visit http://sist.shanghaitech.edu.cn/StaffDetail.asp?id=381

123



Abstracts- Nanotechnology for Solar Energy Collection and Conversion

Session A7
A30
14:00 - 14:25 PM Room A June 21

Green Semiconductor Vertical-Cavity Surface-Emitting Lasers based on

Quantum Dots

BAOPING ZHANG, YANG MEI, RONGBIN Xu, ZHIWEI ZHENG, HAO LONG, LEIYING YING

Department of Electronic Engineering, Xiamen University
Xiamen, China

Email: bzhang@xmu.edu.cn

Abstract

Green VCSELSs emitting in the spectral range from 491.8 nm to 565.7 nm, covering most of the 'green
gap', are demonstrated. These devices are featured with low threshold current and CW lasing at room
temperature. A few technologies such as laser liftoff of sapphire substrate, the removal of high-defect
GaN buffer and Cu plating to increase the heat dissipation. Two dielectric DBRs were adopted as the
cavity mirrors. The results presented here open up opportunities to design and fabricate semiconductor
green lasers with excellent performance that may lead to wide-gamut, low consumption power and
compact displays and projectors. The VCSELSs could also be bonded on to Si for integration with other
optoelectronic devices/circuits.
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Fig.1 Lasing spectra(left)in this work and comparison(right) of threshold currents with literatures.
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Abstract

Pure anatase structured TiO: films were successfully synthesized by a novel fine channel mist chemical
vapour deposition which is a vacuum free, low temperature method [1]. The effects of TTIP
concentration on the morphological, structural and optical properties of TiO2 films were investigated. It
was confirmed that anatase crystallinity of TiO: film increased with the increase of TTIP concentration.
Fig. 1 showed that XRD patterns of TiO2 thin films which were synthesized with the different
concentration of TTIP in ethanol varying from 0.025 to 0.4 mol/L. tion. The high catalytic activity
will be expected by using obtained stable anatase TiO2 films.
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Fig.1 XRD patterns of TiO: films synthesized at TTIP concentration of 0.025, 0.05, 0.1, 0.2, and 0.4 mol/L.
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Abstract

Spectrally-selective solar absorbers are widely used in solar hot water and concentrating solar power
(CSP) systems.[!?] However, the performance at high temperatures (>450 °C) is still not satisfactory due
to their high infrared (IR) emittance and long term thermal stability. Recent progress on cermet-based
solar absorbers has shown promising temperature thermal stability and wavelength selectivity. Thus,
here we explore W-Ni-Al2O3, W-Ni-YSZ (yttria-stabilized-zirconia) and W-Ni-SiO2 cermet based
spectrally selective surfaces for high-temperature solar absorber applications.**! The developed
multilayer selective surfaces are deposited on a polished stainless steel substrate comprising two
sunlight absorbing cermet layers with different W-Ni volume fraction inside the dielectric matrix, one
or two anti-reflection coatings (ARCs) and one tungsten IR reflection layer for reduced IR emittance
and improved thermal stability.

Regarding the W-Ni-Al203 cermet based solar absorbers; we observed a detrimental change in the
morphology, phase, and optical properties if the cermet layers are deposited on a stainless steel substrate
with a thin nickel adhesion layer, which is due to the diffusion of iron atoms from the stainless steel into
the cermet layer forming a FeWOs4 phase. A 100 nm thick tungsten layer can suppress the degradation
of the optical properties at high temperatures and lowers the emittance relative to the stainless steel
substrate, which improves the spectral selectivity of the solar absorber. We experimentally demonstrated
a solar absorber with a solar absorptance of ~0.9 and total hemispherical emittance of ~0.15 at an
operating temperature of 500 °C.

The fabricated W-Ni-YSZ cermet based solar absorbers are tested for their long term thermal stability
at 600 °C. A distinct change in surface morphology of the solar absorbers with high oxygen deficiency

in their YSZ-ARC layers, suggests to causing the degradation of the optical properties at high
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temperature. The oxygen deficiency can be effectively overcome through increasing the oxygen partial
pressure during sputtering, which leads to a stable solar absorber with an experimentally demonstrated
solar absorptance of ~0.91 and a total hemispherical emittance of ~0.13 at 500 °C.

We also developed a new kind of absorber that reflects a certain range of wavelength and absorbs the
rest of the whole solar spectra.’] The absorbed part is used for electrical power generation by steam
engine and the reflected part is used for solar photovoltaic conversion. The thermal energy can be easily
stored for later conversion to provide electrical power around the clock without worrying the Sun’s night
time.
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Abstract

Plasmonic metamaterial absorbers have garnered significant interest due to their unique ability to trap
light beyond diffraction limit and potential applications in energy harvesting and information processing.
Especially, the broadband absorbers show fascinating applications in photovoltaics and
thermophotovoltaics, bolometers, thermal emitters, and photodetectors. In this talk, I will review our
recent work on broadband optical absorption based on plasmonic based on ultra-thin metal-insulator-
metal (MIM) plasmonic absorbers [1-2].
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Abstract

The unsteady boundary layer flow and heat transfer of Cu-water nanofluid thin film over a stretching
sheet have been investigated. The thermocapillarity effect is taken into consideration. The surface
tension is assumed to vary linearly with temperature. The governing partial differential equations are
transformed into the nonlinear ordinary differential equations by similarity transformation. The
numerical and analytical solutions are obtained simultaneously using the shooting technique and
homotopy analysis method (HAM). The influences of various relevant parameters on the flow field are
elucidated through graphs and tables. The results illustrate that the copper volume fraction and
Marangoni surface tension have more remarkable effects.
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Abstract

Ferrofluids have demonstrated great potential for a variety of manipulations of diamagnetic (or non-
magnetic) micro-particles/cells in microfluidics, including sorting, focusing, and enriching. By utilizing
size-dependent magnetophoresis velocity, most of the existing techniques employ single phase
ferrofluids to push particles towards channel walls. In this work, we demonstrate a novel strategy for
focusing and separating diamagnetic micro-particles by using the laminar fluid interface of two co-
flowing fluids -- a ferrofluid and a non-magnetic fluid [1]. As shown in Fig. 1, next to the microfluidic
channel, microscale magnets are fabricated to generate strong localized magnetic field gradients and
forces. Due to the negative magnetophoresis force, diamagnetic particles suspended in the ferrofluid
phase migrate across the ferrofluid stream at size-dependent velocities. Because of the low Reynolds
number and high Peclet number associated with the flow, the fluid interface is sharp and stable. When
the micro-particles migrate to the interface, they are accumulated near the interface, resulting in effective
focusing and separation of particles. We investigated several factors that affect the focusing and
separation efficiency, including susceptibility of the ferrofluid, distance between the microfluidic
channel and microscale magnet, and width of the microfluidic channel. This concept can be extended to
multiple fluid interfaces. As an example, complete separation of micro-particles was demonstrated by
using a three-stream multiphase flow configuration.
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Fig.1 Overview of the device and principle of particle separation. (a) a two-inlet microchannel and microscale
magnets, (b) dimensions of the main fluidic channel. (c) basic principle of particle movement in a ferrofluid.
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Abstract

WO03-0.33H20 films composed of nanorod-like WO3-0.33H20 single crystals were firstly deposited
hydrothermally on fluorine doped tin oxide substrates and then were annealed at 500°C to convert to
WOs. Employing a photoelectrochemical etching process the WO3 nanorods were successfully etched
to form porous nanostructures. When used as photoanodes, the porous WOs3 films showed much
enhanced photoelectrochemical water splitting performance in comparison with the non-etched WO3
films: under the illumination of simulated solar light and without using any oxygen evolution co-
catalysts, the photocurrent increased from 0.06 mA/cm? to 0.23 mA/cm? at 1.23 V vs. RHE and the
overpotential decreased from 1.0 V to 0.8 V vs. RHE. It suggests that the simple photoelectrochemical
etching is an effective way to form porous nanostructures on conductive substrates, which is expected
to be expanded to prepare other semiconductor porous structures to increase their specific area thereby
enhancing their corresponding functional properties.

Keywords: Porous WO3; Photoelectrochemical; Water Splitting; Water Oxidation

139



Abstracts- Nanotechnology for Solar Energy Collection and Conversion

Changlong Chen is Professor of Material Chemistry of University of Jinan.
His current research interests include Water Splitting, Solar Fuel, Photocatalysis.

For more information, please visit:
http://chem.ujn.edu.cn/showjiaoshi.asp?jiaoshixm=%E9%99%88%E9%95%BF%E9%BE%99

140



Abstracts- Nanotechnology for Solar Energy Collection and Conversion

Session A8
A37
17:15-17:40 PM Room A June 21

Hz-evolving SWCNT Photocatalysts for Effective Use of Solar Energy
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Abstract

Effective hydrogen evolution from water using SWCNT photocatalyst under near-infrared (NIR) light
illumination was demonstrated. H2 evolution reactions of 1.2 and 0.40 umol/h were observed upon
chirality-selective photoexcitation by the use of monochromatic light irradiation at 680 and 1000 nm,
which are the E22 and Ein absorptions of (8,3)SWCNT, respectively, by the use of
SWCNT/fullerodendron photosensitizer in the presence of a sacrifice donor, an electron relay, and a co-
catalyst. Apparent quantum yields of this reaction were 0.17 (at 680 nm) and 0.073 (at 1000 nm),
respectively. The result provides the first example of photocatalytic H2 evolution reaction triggered by
E11 photoexcitation of SWCNTs, and clearly shows the usefulness of SWCNTs in the light absorber for
NIR light, which is the second main component of solar radiation.
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Abstract

One-dimensional nanomaterials can offer large surface area, facile strain relaxation upon cycling and
efficient electron transport pathway to achieve high electrochemical performance. Hence, nanowires
have attracted increasing interest in energy related fields. We designed the single nanowire
electrochemical device for in situ probing the direct relationship between electrical transport, structure,
and electrochemical properties of the single nanowire electrode to understand intrinsic reason of
capacity fading. The results show that during the electrochemical reaction, conductivity of the nanowire
electrode decreased, which limits the cycle life of the devices.! We have fabricated hierarchical
MnMoO4/CoMoOs4 heterostructured nanowires by combining "oriented attachment" and "self-
assembly".? The asymmetric supercapacitors based on the hierarchical heterostructured nanowires show
a high specific capacitance and good reversibility with a cycling efficiency of 98% after 1,000 cycles.
Then, we designed the general synthesis of complex nanotubes by gradient electrospinning, including
Li3V2(PO4)3, Nao7Feo7Mno302 and Co304 mesoporous nanotubes, which exhibit ultrastable
electrochemical performance when wused in lithium-ion batteries, sodium-ion batteries and
supercapacitors, respectively.® In addition, we have successfully fabricated a field-tuned hydrogen
evolution reaction (HER) device with an individual MoS:2 nanosheet to explore the impact of field effect
on catalysis.* We also constructed a new-type carbon coated Ko.7Feo.sMno 502 interconnected nanowires
through a simply electrospinning method. The interconnected nanowires exhibit a discharge capacity of
101 mAh g! after 60 cycles, when measured as a cathode for K-ion batteries.> Our work presented here
can inspire new thought in constructing novel one-dimensional structures and accelerate the
development of energy storage applications.
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Abstract

The efficiency of photocatalysis depends on the surface area and materials, and we have prepared a
nanosized-titanium dioxide (TiO2)-coated ceramic irradiated by UV- LED lamps as a photocatalytic air
cleaner. Ceramic filter system decomposed 80% of acetaldehyde and Particulate dioxins (40 pg/m®) and
gaseous dioxins (16 pg/m®) were removed by 7.5 and 2.8 pg/m?® by passing through four TiO2-coated
ceramic (30 x 30 x 2 cm) under black-light, indicating about 80% of dioxin was decomposed by the
photocatalysis. Ceramic was changed to aluminum plate and the efficiency was improved. The 90% of
5 ppm acetaldehyde (12.4 pmol/h) was decomposed and generated carbon dioxide (25.43 umol/h; RC:
92.5% carbon dioxide conversion rate) efficiently and continuously for 200 min with the ratio of one
acetaldehyde (12.40 umol/h) to two carbon dioxide (25.43 pmol/h) at their molar ratios by being passed
through the TiO2-coated aluminum plate (5x10x1 cm) under black light, indicating complete
decomposition of acetaldehyde with high efficiency. This photocatalysis system was applied for
elimination of acetaldehyde and inactivation of influenza aerosol in a closed cubic space using
aluminum plates. Acetaldehyde at 20 ppm in a cubic 1 m? space was eliminated by 60 min at a half-life
of 8 min. The aerosol-associated infectivity and the RNA genome of influenza virus produced by a
nebulizer in a 779 liter cubic space were eliminated within 7 minutes but were detectable up to 28
minutes without the function of a photocatalytic air cleaner. Influenza virus was broken down by
photocatalysis rather than being trapped by Hepafilter as intermediate breakdown products of influenza
virus were observed. Thus, a photocatalytic air cleaner efficiently decomposed and eliminated organic
chemicals, acetaldehyde, and aerosol-associated influenza virus infectivity and viral RNA, indicating a
photocatalytic air cleaner functioned in the cleaning and detoxification of the air in the closed space for
maintaining a safer environment.
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Abstract
Metal oxide nanoparticles are versatile platforms for various biomedical, industrial, agricultural and

environmental applications. In the recent decades, many studies have been focused on the emergence of
metal oxide nanoparticles as photocatalysts. These relatively cheap and stable nanoscale photocatalysts
possess good degradation effect on organic pollutants and potent bactericidal activities. However, the
complex mechanisms of bactericidal activities by metal oxide nanoparticles are still controversial. Thus,
this study aimed to investigate the antibacterial activity of custom-engineered ZnO nanorods and ZnO
nanodisks, as compared to the commercially-available TiO2 nanoparticles. Antibacterial susceptibility
assay was carried out on Bacillus subtilis and Staphylococcus aureus (gram positive bacteria), and
Escherichia coli and Pseudomonas aeruginosa (gram negative bacteria). While ZnO nanorods and ZnO
nanodisks showed potent inhibition on B. subtilis and S. aureus with minimal inhibitory concentrations
of 128 and 256 ug/ml respectively, no inhibition was found on gram negative bacteria. Since B. subtilis
was a better model for gram positive bacteria, subsequent studies were carried out on B. subtilis. During
the time-kill kinetics assay, the inhibitory effect of both ZnO nanorods and ZnO nanodisks were seen to
be significant after t=90 min (* p<0.05; n=2 to 3). To further elucidate the underlying mechanism(s),
Rhodamine dye degradation assay as marker for reactive oxygen species generation was performed.
Significant discoloration of dye was observed for both TiO: nanoparticles and ZnO nanorods as
compared to ZnO nanodisks (* p<0.05; n=3). Zeta potential assay showed that ZnO nanorods were
positively charged at pH7; whereas ZnO nanodisks were negatively charged. Electron micrographs
showed that the cell wall of B. subtilis treated with ZnO nanorods and ZnO nanodisks was compromised,
leading to the leakage of the intracellular contents and cell death. Our results indicated that the
antibacterial effects of ZnO nanorods and ZnO nanodisks appeared to be mediated through multiple
chemical and physical properties of NPs. These multiple chemical and physical properties of NPs
collectively contributing to nanotoxicity threshold required for bacterial inactivation. Hopefully, our
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study will shed light on the complexity of the antibacterial properties of metal oxide nanoparticles, in
order to avoid any safety issues that might arise with metal oxide nanoparticles usage in potable water,

either in direct or indirect ways.
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Abstract

Titanium dioxide (TiO2) has been widely not only studied but also applied in industrial fields as
photocatalyst because of its environmentally and economically advantages with high chemical stability,
earth abundant and bio compatible properties. However, its large band-gap for the activity to only UV
light region, and the high recombination rate of photogenerated electron and hole pairs have to be
overcome to utilize effectively sunlight and to enhance the photocatalytic performance. Recent
enormous efforts to overcome the above-mentioned drawbacks have resulted in the one-dimensional
TiO2 nanotubes, nanofibers and nanorods to suppress the carrier recombination, and/or the
heterojunction structure of TiO: with another semiconductor to achieve larger separation of the
photogenerated electron and hole, as well as the modification of TiO2 nanoparticles with gold clusters
to expand the light conversion from UV to visible and near-infrared region. Here, we report simple and
effective modification of nano-sized TiO2 materials by in-liquid plasma processing, which is a non-
thermal plasma discharged in liquid. The present study focused to treat pristine TiO2 nanoparticles by
the discharge in water-based solution and to investigate the material properties as well as the
photocatalytic activities for decomposing organics. As a result of plasma treatment, we found the
incorporation of oxygen vacancies on the sub-surface of TiO2 nanoparticles, and concluded that the
origin of photocatalytic enhancement for acetaldehyde decomposition under fluorescent lamp attributed
in the recombination suppression by the surface trap of oxygen vacancies near the nanoparticles surface.
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Abstract

Ti102-C hybrid aerogels were prepared by one-pot sol-gel process in ethanol, followed by supercritical
drying and carbonization, using TiCls4 as TiO2 precursor, resorcinol-furfural as carbon precorsors, ethyl
acetoacetate (EA) as a chelating agent and propylene epoxide (PO) as a gel initiator. Ce doping was
performed by adding cerous nitrate into the solutions that form gels to modify the photocatalytic
properties. Microstructures of samples were characterized by XRD, SEM, TEM, UV-Vis, Raman
spectroscopy, nitrogen adsorption, mercury porosimetry, XPS and IR spectroscopy and the
photocatalytic properties for methylene blue degradation were tested under UV and Vis light irradiation.
Results showed that the porous textures of the hybrid aerogels were related to TiCla/ resorcinol-furfural
mass ratio, the molar ratios of EA/Ti and PO/Ti. The samples had large specific surface areas, high
adsorption capacities for methylene blue, uniform distribution of TiO2 nanoparticles as anatase in the
amorphous carbon structure. The presence of the amorphous carbon inhibited both the growth of TiO2
nanoparticles and their conversion from anatase to rutile phase. The adsorption of methylene blue
followed the pseudo-second-order kinetics model and its degradation followed the first-order kinetics
model. The maximum photocatalytic activity for methylene degradation was up to 4.23 times that of
P25 for the TiO2-C hybrid aerogels carbonized at 800 °C. A partial reduction of Ti*" to Ti** was found
for the samples carbonized at 900 °C, which improved significantly the catalytic activity under visible
light. Methylene blue can be degradated under visible light within 60 min with the Ce-doped Ti02-C
hybrid aerogels or the undoped one carbonized at 900 °C. Adsorption coupled with photo excitement,
reduced recombination rate of e/h pair, band gap narrowing by interaction of carbon with TiOz, partial
reduction of Ti* to Ti** during carbonization or Ce-doping, and the increased light utilization via
scattering by macropores are responsible for the improved catalytic performance as compared with P25
photocatalyst from Degussa.
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Abstract

BiVOs is an excellent visible-light-driven photocatalyst that can split water into Oz for its more positive
valence band than that of O2/H20, whereas its positive conduction band makes it difficult to directly
generate Hz from H2O. But using the PEC, BiVO4 can become a promising candidate as photoanode for
hydrogen evolution performance. In our group, the leaf-like structure BiVOs photoelectrodes were
prepared by electrochemical deposition, in which Zn?" ions were introduced as a direct agent to control
the morphology and size of Bi nanoparticles [1]. NiFe204 and CoFe204 nanoparticles were loading on
the surface of BiVOa to construct heterojunction. The heterojunctions can effectively prevent carriers
from recombining and accelerate the separation of electrons and holes[2]. Besides, Bi/ BiVO4[3] and
FeF2/ BiVOu4 can enhanced PEC hydrogen evolution performance.

Fig.1 The SEM images of (a) as-obtained Bi in high concentration electrolyte; (b) BiVO,from the fruticose
dracaena leaf structure Bi precursor film; (c¢) NiFe;O4/BiVO;
electrode; (d) CoFe;04/BiVOy electrode.
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Abstract

The reduction in human-induced emissions of CO: from automobiles, factories, power stations etc., over
the next 15 years is currently one of the most important issues facing the planet. We should therefore
attempt to develop industrial processes using COz2 as a feedstock in order to build a sustainable society
in the near future. Linear CO2 molecules adsorbed on the surface of the solid bases are converted into
unique structures, such as bicarbonate and carbonate species possessing lattice oxygen atoms. We
believe that the process involves the capture and distortion of CO2 upon adsorption on a solid base
through activation by photoirradiation. Unstable CO:z species adsorbed onto the surface can then be

reduced by electrons with protons derived from H2O (CO2 +2e~ +2H" —» CO + H20). These days, we

succeeded in designing highly selective photocatalytic conversion of CO2 by H20 as the electron donor,
by the simultaneous use of an inhibitor of the production of H> and a material for CO2 capture and

storage, such as ZnGa:04/Ga203!, LarTi2071%, SrO/Ta20s8), ZnGax04* and ZnTa:06!, and

Sr2KTas0151) with the modification of Ag cocatalyst. An isotope experiment using '*CO2 and mass
spectrometry clarified that the carbon source of the evolved CO is not the residual carbon species on the
photocatalyst surface, but the CO2 introduced in the gas phase. In addition, stoichiometric amounts of
O2 evolved were generated together with CO.
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Abstract

Solar-energy-driven photocatalytic CO2 reduction into valuable chemicals or fuels, such as CO and
CH30H, is a promising strategy for COz capture and utilization. We have been focusing our research on
developing efficient nanocatalysts for the photocatalytic CO2 reduction. Firstly, we synthesized a
biofilm, with a thickness of about 1.5 nm, from cold-plasma-assisted peptide self-assembly, for the
photocatalytic CO2 reduction to CO [1,2]. The biofilm-based nanocatalyst exhibits an enhanced CO
evolution rate (19.4 umol/h), as compared with the nanocatalyst without biofilm (2.8 pumol/h). This
results from the unique flexibility of the biofilm for more efficient transfer of the photogenerated
electrons. Secondly, we fabricated a Pt/Ga203 nanocatalyst with abundant oxygen vacancies (Vo) for
the photocatalytic CO2 reduction to CO [3,4]. The Vo leads to more efficient CO2 adsorption and
separation of the photogenerated electron-hole pairs, and thereby enhanced CO production on Vo-rich
Pt/Ga203 (21.0 umol/h), as compared with the Vo-poor Pt/Ga203 (3.9 umol/h). Thirdly, we found that
In203 nanobelts coated by a 5-nm-thick carbon layer provide an enhanced photocatalytic COz reduction
to CO and CHa, yielding CO and CHa4 evolution rates of 126.6 and 27.9 pmol/h, respectively, with Pt as
co-catalyst [5]. The carbon coat promotes visible light absorption,electron—hole separation, CO2
chemisorption, production of protons for reducing CO2, and thereby facilitates the CO and CHas
production.
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Abstract

Water splitting and CO2 fixation on heterogeneous photocatalysts are importance reactions from the
viewpoint of solar-to-fuel energy conversion. To achieve these reactions, it is important to improve both
bulk and surface properties of a photocatalyst so as to suppress electron—hole recombination and
promote surface redox catalysis. In this presentation, recent progress on the development of new
photocatalysts that are active for such artificial photosynthetic reactions will be given. In particular,
surface modification techniques developed by our group to construct active sites and light-absorbing
centers will be presented. For example, we developed a new powdered photocatalyst consisting of
Co(OH)2 and TiO2 [1]. It is well known that TiOz is an active photocatalyst, but only works under UV
irradiation. By contrast, the Co(OH)2/Ti02 hybrid photocatalyst is capable of absorbing visible light
with wavelengths of up to 850 nm and oxidizing water into oxygen gas, even though it consists of only
earth-abundant elements only. To our knowledge, this system provides the first demonstration of a
photocatalytic material capable of water oxidation upon excitation by visible light up to such a long
wavelength.
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Fig.1 Visible-light-driven water oxidation using Co(OH):>-modified rutile TiO..
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Abstract

The continuous reliance on fossil fuel-based energy is inevitable. Rational strategies to reduce carbon
dioxide (COz2) emissions are thus highly demanded. Developing efficient photocatalysts that can harness
solar energy appears to be a promising methodology to capture and recycle CO: as a fuel feedstock. The
conversion efficiency of the current photocatalysts, however, is generally very low due to various
limiting factors, such as fast electron-hole recombination rates, narrow light absorption range, and
backward reactions. Thus, developing strategies to overcome the above limitations is an important task
in this field.

Here we present several strategies through controlled synthesis to address the aforementioned
limitations toward enhancing the overall CO2 conversion efficiency. Examples of novel photocatalysts
being explored include mesoporous nanocomposite particles (i.e., Cu-TiO2-Si02),[1,2] 1D structured
Pt-TiO2 thin films,[3] CuO-ZnO heterojunction nanowires,[4] and crumpled graphene-based
nanoballs.[5,6] Systematic materials characterization and photocatalysis analysis of the materials, by
electron microscopy, X-ray diffraction, gas chromatography, X-ray photoelectron spectroscopy, in-situ
diffuse reflectance infrared Fourier transform spectroscopy, and femtosecond time-resolved transient
absorption spectroscopy, aid in understanding the quantitative CO2 photoreduction pathways and the
correlations between materials properties and CO:2 photoreduction performance.
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Abstract

The exploitation of high-performance lithium ion batteries is an effective way to promote the practicality
of electric vehicles and the large scale development of renewable energy. We have designed and used a
low temperature solution approach which is simple, low cost, scalable to synthesize Zn2GeO4/g-C3N4
hybrid structure. Furthermore the synergistic effect on their lithium storage has been discussed. The
Zn2GeO4/g-C3N4 hybrids exhibited highly reversible capacity of 1370 mA h g™ at 200 mA g™! after 140
cycles and excellent rate capability of 950 mA h g! at 2000 mA g™'. On the other hand, molybdenum
sulfide, one of the transition metal sulfides, has been considered as a hopeful anode material, because
of the small volume change (~103%) and the high theoretical capacity (669~1675 mA h g™!). In order
to improve the electrochemical properties of molybdenum sulfide, we have designed and prepared
Ti02@MoS: core-shell structure. This composite structure provides a plenty of surface active sites for
rapid transportation of lithium ions and orderly path for electrons. As a result, the electrochemical
performance of TiO2@MoS:2 is much higher than that of molybdenum sulfide as well as titanium dioxide.
In addition, transition metal oxides also have been attracted widespread attention, because of it versatile
nanostructures, high theoretical capacity and small volume change. We have synthesized 3D NiO
microsphere architecture assembled from porous nanosheets via easy hydrothermal method. The
advantage of large specific surface area endows the as-prepared 3D NiO microspheres with a good
performance of stable and high reversible discharge capacity up to 820 mA h g! even after 100 cycles
at a current density of 100 mA g™!, and good rate capability of 634 mA h g! at a high current density of
1Ag!.
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Abstract

Hydrogen sulfide is an extremely toxic gas which is generated from both nature and human factors.
Recently, photocatalytic splitting of H2S into H2 and S has attracted great attention because hydrogen
production and Ha2S removal are simultaneously achieved. However, the deactivation of the
photocatalysts and lack of suitable setup for photocleavage of H2S to Hz limit its wide application.
Herein, we constructed a complete setup for Hz production from H2S. This setup has some functions
including HaS absorption, decomposition and product recovery. Simultaneously, a series of MnS/In2S3
composites were successfully fabricated by a solvothermal method. A maximum H> production rate of
8360 umol g'' h™! can be achieved over MnS/In2S3_0.7 catalyst, and the corresponding QE of this sample
is as high as 34.2% at 450 nm even in the absence of any noble-metal co-catalysts. Importantly,
MnS/In2Ss composite displays a good stability and also anti-photocorrosion. Additionally, in order to
further enhance visible-light photocatalytic H2 production activity of MnS/In2S3, MnS/In2S3/CuS
composites were prepared through solvothermal treatment. And a maximum Hz production rate of 29252
umol g h! can be achieved over a MnS/In2S3/CuS with optimized composition, which is 3.5 times
higher than that of MnS/In2S3 0.7, and this reveals that the addition of CuS can effectively increase the
photocatalytic activity for splitting H2S into Ha. All in all, suitable setup for photocatalytic splitting of
HaS and noble-metal free metal sulphides photocatalysts have great significance for photocleavage of
HaS to Ha.
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Fig.1 Photocatalytic process of splitting H>S in 0.6 M Na>SO3/0.1 M Na>S/3 M H,S solution
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Abstract

There is renewed interest in the photocatalytic and photoelectrochemical conversion of COz into value-
added chemicals using various semiconductor particles and electrodes. Common CO2 reduction
products are C1 chemicals (CO, HCOOH, CH30H, and CHa4) in aqueous media, while the production
of C2-C4 hydrocarbons (e.g., C2He and C3Hs) has also been reported. A number of solar-active materials
have been reported, but they still suffer from low selectivity, poor energy efficiency, and instability,
while failing to drive simultaneous water oxidation. In this regard, p-type CuMO: (where M = AI** and
Fe*") is highly promising because of its unique structure; suitable bandgap energies; high conduction
band level, which is sufficient for H2 production and CO: reduction; and relative stability in aqueous
solution. Unfortunately, the typical synthetic route for CuMO: is annealing a Cu(I) and M(III) salt
mixture at high temperature, which inevitably results in irregular, coarse particles of several micrometers.
Furthermore, the as-synthesized particles are difficult to fabricate into durable films on transparent
conducting oxide (TCO) substrates because of the absence of particle-to-particle interaction. Even if
they are fabricated, the films have less intimate and looser interparticle connections undergoing a
significant charge recombination at the solid/solid interface. This difficulty in synthesizing CuMO:2
films has caused this material to be less studied despite its potential as a promising photocathode. With
this in mind, we have attempted to synthesize high-efficiency CuMO:2 films on TCO substrates via
electrochemical deposition. This talk presents our recent studies on the solar CO2 conversion to value-
added chemicals while using water as an electron donor in various photo-systems [1-12].
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Abstract

Strengthening the interface between conjugated polymers and TiO2, where electron transfer happens, is
of vital importance for the photocatalytic efficiency of conjugated polymer/TiO2 hybrids, who may offer
a promising future for photocatalysts. In this work, carboxyl-functionalized P3HT was synthesized via
a simple oxidative copolymerization of 3- hexylthiophene and 3-thiophenic acid, which was
subsequently bound to the surface of TiO2, resulting in an enhanced interface between them,
demonstrated by the results of dissolution test. When the comonomer contains 15% 3-thiophenic acid,
the visible light photocatalytic activity of P3HT/TiO2 composites of carboxyl-functionalized polymers
for degradation of methyl orange is 2.2 and 5.3 times as great as that of unfunctionalized polymer and
TiO2, respectively. The significant enhancement of photocatalytic activity can be ascribed to the favored
electron injection and facilitated separation of photogenerated carriers owing to the strongthened
interfacial electronic coupling interaction between the carboxyl-functionalized P3HT and TiO2
according to the results of PL spectra and trapping experiments. This may give a useful enlightment for
the preparation of more effective and practical conjugated polymer/TiO2 photocatalysts.

Keywords: Composites, interfacial, photocatalytic, visible light, charge transport, poly(3-
hexylthiophene), TiO2
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Abstract

Surface modification of TiO2 supports is one of the most exploited way to solve the problem of TiO2
low activity under visible light. Ag metal nanoparticles (Ag-NPs) deposited onto microsized titania can
positively impact on the photocatalytic activity towards volatile organic compounds (VOC) and NOx
abatement even in the absence of UV-A.We employed a commercial micro-sized titania support (1077
by Kronos), formally sold as a pigment, even though titania nanopowders exhibit better photoactivity,
because of the many drawbacks connected to the use of NPs, as these can be inhaled and come into
direct contact with the cells of the organisms, leading to severe health damages [1]. We prepared samples
with different Ag content to evaluate the impact of the amount on the photocatalytic performances,
tested for the above mentioned molecules employing a LED lamp to avoid any UV light contribution.
We found interesting correlations between the photocatalytic performances and size/shape of Ag-NPs,
the latter features being investigated by means of several experimental techniques, such as HR-TE
microscopy, X-Ray diffraction, FT-IR and UV-Vis spectroscopies, ICP-MS analysis, etc. [2] We also
found that the synthetic route applied to deposit Ag-NPs plays an important role in defining the final
photocatalytic performances.
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Abstract

Carbon-based supercapacitor is also called electric double-layer capacitor that store energy via physical
adsorption and desorption of ions from the electrolyte. Pseudocapacitors based on metal oxides or
conductive polymers store energy via a redox process and generally have higher specific capacitance
compared to the EDL type. Graphene has been regarded as an ideal candidate for supercapacitor
applications, while the specific capacitance achieved so far in the lab, normally 200-300 F/g, is much
lower than its theoretical value of 550 F/g. In order to enhance the charge storage capacity of graphene,
we functionalized reduced graphene oxide by N-doping and adsorption of small molecules of
hydrolysized polyimide (PI). In N-doped graphene, the N-O bonds are responsible for the enhanced
capacitance owing to their pseudo capacitive property [1]. Further, we found that the hydrolysis of PI
can release small molecules into water solution, and these aromatic molecules adsorbed onto graphene
via m-1 interaction have a significant effect in increasing the capacitance. With merely 3% weight
increase after adsorption, the specific capacitance is about 40% increased. High capacitance over 420
F/g can be easily achieved from the functionalized graphene electrode in H2SO4 aqueous electrolyte,
even the electrode has high mass loading around 5 mg/cm?. In Li2SO4 aqueous electrolyte that can
extend the operation voltage window to 1.6 V, the specific capacitance also remains high around 400 F.
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Fig.1 (a) Comparison to the electrochemical performance of N-doped graphene electrode before and after
adsorption of hydrolysized Pl molecules. (a) CV curves. (b) Capacitance Vs. discharging current density in
galvanostatic CD measurement.
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Abstract

Photocatalysis of hydrogen from water is limited by incomplete absorption of solar radiation and by
uncontrolled disposition of generated carriers. Nanoantenna (NA)-induced coupling of photons to
excitons could enhance photocatalytic solar fuel generation by increasing broadband optical absorption
and by injecting energetic electrons where NA interfaces with semiconductor catalyst. This work
examined catalysis of hydrogen evolution reaction (HER) by monolayer (1L) transition metal
dichalcogenide (TMD) with and without decoration by optical NA. Spectroscopic and microscopic
characterization of heterostructures of 1L-TMD and NA self-assembled via exfoliation and redox
chemistry was compared with discrete dipole simulation. Electrodes inked with 1L tungsten disulfide
(WS2) onto which NA was electrochemically reduced exhibited higher HER relative to 1L-WS: in neat
or physically NA-decorated forms as measured by linear sweep and cyclic voltammetry. Coordinated
simulation and measurement of supports improved design of 1L-TMD-NA photocatalysts and their
implementation in chemical, biological, energy and water systems.
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Abstract

Herein, different MoS2/TiO2 heterostructures are prepared with appropriate interface modifications.
Electronic structure analysis shows that type II band alignments are realized at the interface, which
efficiently drives the photo-excited charge to separate. Moreover, the band offsets can be delicately
controlled by surface states with significant effect on their photocatalytic performance. In addition, the
synergistic effect between MoS:2 and TiO2 enhances the hydrogen evolution reaction (HER) activity of
their hybrids which is tunable via interface engineering. The observed Tafel slop of 66.9 mV/dec for
MoS2/TiO2-H complexes suggests the Volmer—Heyrovsky mechanism. The enhanced activities was
attributed to the abundant active sites at the interfaces as well as the improved charge transfer efficiency.
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Abstract

Terahertz (THz) wave is finding growing applications in various important fields such as space science,
communications, and security screening [1]. Besides sources and detectors, development of THz
technologies also requires devices to guide and manipulate THz waves. The demand for high
performance quasi optic components such as frequency filters, demultiplexer, attenuators, splitters, and
polarizers is increasing [2]. We theoretically propose and investigate a magnetically tunable narrow-
band terahertz filter and a multi-channel THz wavelength division demultiplexer based on photonic
crystal waveguide. The optical properties of the filter have been analyzed in detail. It is found that a
single resonant peak with the central frequency of ~1 THz is existed in the transmission spectrum, which
has a narrow full width at half maximum of <2 GHz. Moreover, under the control of an external
magnetic field, transmission frequency and width of passband are adjustable, which reveals that the 2-
D silicon photonic crystal waveguide with point and line defects can serve as a continuously tunable
bandpass filter at the terahertz waveband. THz division demultiplexer consists of an input waveguide
that perpendicularly coupled with a series of defects cavities, each of which captures the resonance
frequency from the input waveguide. Coupled-mode theory and finite element method are used to
analyze the transmission properties of the structure. It is found that the transmission wavelength centered
around 1 THz can be adjusted by changing the geometrical parameters of defects cavities, which equals
to THz waves generated by optical methods such as difference frequency generation and optical
rectification.

References

[1] L. Ho, M. Pepper, and P. Taday, “Terahertz spectroscopy: Signatures and fingerprints,” Nature
Photonics, vol. 2, no. 9, 541(2008).

[2] H. Bin, W. Qi Jie, and Z. Ying, “Broadly tunable one-way terahertz plasmonic waveguide based on
nonreciprocal surface magneto plasmons,” Opt. Lett. 37, 1895 (2012).

187



Abstracts- Terahertz Technology

Hongjun Liu is Professor of Optics and Director of Optical Parametric Technology
Group at the State Key Laboratory of Transient Optics and Photonics Technology,
Xi’an Institute of Optics and Precision Mechanics, Chinese Academy of Sciences.
He is the member of the Young Promotion Union of Science and Technology of
Chinese Academy of Science, and the member of Photoelectronic Technology
Professional Committee of Chinese Society of Astronautics, the member of China
Optical Engineering Society. Until now, he has presided over the completion of more
than 20 national research projects, and published more than 150 research papers.

His current research interests include the generation and amplification of ultrashort pulse, optical
parametric amplification, optical nonlinear imaging technology, terahertz technology, fiber laser
technology, silicon photonics technology and nonlinear optics.

188



Abstracts- Terahertz Technology

Session A9
A40
8:25 - 8:50 AM Room A June 22

THz radiation based on fiber-integrated photo-conductive antennas and

mode-locked Yb-doped fiber laser

MIN YONG JEON*, J1 SU KIM, AND HYUN MOON YANG

Chungnam National University
99 Dacehak-ro Yuseong-gu, Daejeon, 34134 Korea

*Email: myjeon@cnu.ac.kr

SANG-PIL HAN, KIWON MOON, AND KYUNG HYUN PARK

Electronics and Telecommunications Research Institute (ETRI)

218 Kajong-ro Yuseong-gu, Daejeon, 34129 Korea

Abstract

We present a THz radiation based on fiber-integrated photo-conductive antennas and a passively mode-
locked Yb-doped fiber laser using a birefringent plate as a wavelength spectral filter. The mode-locked
Yb-doped fiber laser is constructed with all-normal dispersion region using a single-mode optical fiber
and a birefringent spectral filter. We characterize the outputs of the mode-locked Yb-doped fiber laser
according to the azimuthal angle and optical axis of the birefringent spectral filter. The THz radiation is
generated by injecting the pre-chirped optical pulses to the THz measurement system, which is
constructed using two fiber integrated log-spiral-based low-temperature-grown (LTG) InGaAs photo-
conductive antenna modules. We achieve over 2.5 THz spectral bandwidth and measure the various
absorption lines of the water vapor in the free space.
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Abstract

Broadband terahertz (THz) radiation from laser-plasma interaction and a corresponding broadband THz

time domain spectroscopy based on optically-air-biased-coherent-detection technique are presented.

One of the single-shot detection techniques for THz time domain spectroscopy, the spectral-encoding

technique, is also reviewed [1]. Distortions of the signals measured by this technique and the

corresponding strategies to reduce them are demonstrated. [2].
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Fig.1 (a) Attenuated and corrected THz waveforms using 10 Si wafers as attenuators vs. the original strong
THz signal. (b) THz spectrum of the corrected THz signal with 10 Si wafers vs. that of the original one.
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Abstract

Metamaterials with many unique optical properties are made of periodically arranged sub-wavelength
metallic structures that are able to couple to external electromagnetic (EM) waves. One of such
structures is the commonly used split-ring-resonators (SRR). In this talk, I will discuss and demonstrate
some new progress we made on SRR-based terahertz metamaterials. By looking into the coupling
between SRRs and the effect of incident polarization, we proposed a way to continuously modulate their
resonances, changing the transmission intensity at resonant frequency from 20% to 80%.[1] We also
designed a SRR-based polarization-insensitive broadband filter in THz range and discovered its effect
in eliminating asymmetric characteristics in device structure. [2] A stop band with bandwidth of as large
as 1.40 THz was achieved. To improve the fabrication process, a facile metal transfer method was
employed to create SRR patterns on PDMS surface, planar and otherwise, as well as PDMS-coated
surfaces, such as paper, fabric and leaf. [3] Lastly, a design of 3D THz metamaterial device was
proposed to be used in biomedical field for cancer cell studies, exploiting its structural similarities with
the single-cell-capturing microfluidic devices.
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Abstract

Broadband terahertz absorbers have recently attracted considerable attention for their promising
applications in terahertz trapping, sensing, imaging, and detecting. In this work, an efficient approach
to achieve broadband terahertz absorber based on sinusoidally-patterned graphene with nearly 100%
absorption is demonstrated [1]. As shown in Fig. 1(a), the proposed absorber is composed of a net-
shaped periodically sinusoidally-patterned graphene sheet on the top, a thin gating layer embedded
dielectric spacer in the middle, and a metallic reflecting plate on the bottom. We assume the material of
the dielectric spacer, the gating layer and metallic plate are the polyethylene cyclic olefin copolymer
(Topas) with the permittivity of & = 2.35 [2], and the polysilicon with the permittivity of &, = 3 [3],
and gold, respectively. The surface conductivity of the single-layered graphene is obtained from the
Kubo formula [4]. The polysilicon gating layer is placed beneath the graphene sheet to control the
graphene conductivity via electrostatic doping of the graphene by applying a DC voltage V,. By
introducing such a unique gradient width modulation of the unit graphene sheet structure, the continuous
plasmon resonances of the absorber can be excited, and over 65% normalized bandwidth of 90%
terahertz absorbance can be achieved under normal incidence for both TE and TM polarizations. As one
of the most exciting characteristics, the broadband absorption of this absorber are insensitive to the
incident angles and the polarizations. The absorbance remains more than 70% even the incident angles
reach 60° for both polarizations. Furthermore, compared to conventional multi-resonator or multi-
layered structures, the continuous net-shaped single-layered graphene structure can greatly simplify the
electrostatic gating structure in achieving flexible tunability. By controlling the chemical potential of
the graphene, the peak absorbance can be continuously tuned from 14% to 100%, as shown in Fig. 1(b).
This work offers a new perspective on the design of graphene-based tunable terahertz broadband
absorbers. The design scheme can be easily scaled to the infrared or visible regimes.
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Fig. 1 (@) Schematic of the proposed graphene-based broadband terahertz absorber, where the
net-shaped periodically sinusoidally-patterned graphene sheet is placed on a dielectric spacer
supported on a metallic reflecting plate, where a thin polysilicon layer is placed beneath the
graphene sheet as a gating layer to control the graphene conductivity via a DC votage V.
(b)Normal-incidence absorbance in the TE polarization of the graphene-based absorber for
various values of the graphene chemical potential p., where the peak absorbance increases from
14% to nearly 100% when . is tuned from 0 to 0.8 eV.
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Abstract

In this paper, we propose an ultrathin THz plasmonic metallic strip based on graded grating structure
with thermo-optic material, which exhibits a strong engineering of trapping and releasing
electromagnetic waves in terahertz regimes. The dispersion properties of the ultrathin spoof slow-wave
plasmonic graded grating waveguide are characterized using the finite element method, and the
propagation characteristics of the grating structures are thoroughly analyzed by the dispersion curves,
electric field magnitude distribution, and electric field vertical distribution. The gradient grating
waveguide is demonstrated to be an ideal slow-wave system for trapping and releasing surface plasmon
polaritons (SPPs) waves through tuning the refractive index of the thermo-optic material. The reflected
location for the SPPs waves on the graded corrugated metal strip at 1.1 THz at different temperatures
are compared. It is proved that such ultrathin gradient grating waveguide provides an excellent
performance for trapping and releasing surface waves at THz, which permits applications for future
optical communications.
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Abstract

In recent years, more and more attention has been paid on the research and development of terahertz
(THz) technologies all over the world. Biosensing in one of the most important applications of THz
waves. Metasurface is an artificial two-dimensional material with flexible structures and good
electromagnetic wave control capability, which is very suitable for THz wave control and sensing. In
this work, a L-shape metasurface THz biosensor was designed, simulated, optimized, micro-fabricated,
and finally tested by the time-domain spectroscopy (TDS) system. The simulation and experimental
results agree with each other very well. The conclusions show great advantage of metasurface for the
THz biosensing application, especially when it is combined with the microfluidic technology in the near
future.

Fig.1 Structure of sensing array
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Abstract

Terahertz quantum cascade lasers (THz-QCLs) have attracted much attention as possible carrier sources
for ultra high-speed wireless communications in the future, which owes to their high output powers and
the absence of relaxation oscillations in QCLs. We have recently reported a photogenerated carrier-
based optical-to-THz modulation scheme for THz-QCLs [1]. In the presentation, the intensity and
spectral changes in THz-QCLs induced by photo-injected carriers at low temperature will be discussed
together with the relevant relaxation mechanisms for the injected carriers. Furthermore, to obtain a
quantitative understanding of the rich phenomena by the optical injection, we developed a global
simulation scheme applicable to a wide variety of optical excitation experiments on QCLs including
strong excitation densities (Fig. 1) [2]. With the most of internal parameters, e.g., electron temperatures,
scattering times, gains, and waveguide loss, treated as spatiotemporal and carrier density-dependent, the
rate equation was solved to obtain the number of photon in the cavity. The output power (converted
from the number of photons using the time-varying reflectivity at the cavity facet) well reproduces the
experimental results.

200 ym

Fig.1 Model grid for the analysis of the optically excited QCL
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Abstract

Terahertz (THz) wave, bridging electronics and photonics in the electromagnetic spectrum, features
many exotic properties and promising applications. However, because of low THz emission efficiency,
less sensitive detectors, and few manipulating devices, THz wave is still on the horizon for practical
applications since 1980s.With the application of femtosecond laser, THz surface emission spectroscopy
has also been developed to serve as a sensitive and contactless tool for the optoelectronic measurement
of semiconductor surfaces and interfaces. When a femtosecond laser beam impinges on the
semiconductor surface, photocarriers or photodipoles are excited, which then induce THz radiation with
the mechanism of photoconductivity or optical rectification. As the THz surface emission is sensitive to
the surfaces and interfaces, the modification of the semiconductor surface provides a significant strategy
for the design and performance evaluation of many electronic and optoelectronic devices for THz
applications. In this talk, we will discuss the THz radiation mechanism for traditional semiconductors
by changing the crystal orientation, exciting laser intensity, surface condition, and so on[1-4]. We will
also discuss THz radiation from two-dimensional layered semiconductors under linearly polarized
femtosecond laser excitation.
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Abstract

Graphene and carbon nanotube present unique structure and excellent properties, such as high specific
surface area, high conductivity, high thermal conductivity, etc., and play an increasingly important role
in the electrochemical energy storage and conversion. The doping of nano-carbon with nitrogen and
boron can modulate the electron and energy band structure, and further improve its physical and
chemical properties. The pore structure, pore size distribution and wall thickness of the electroactive
material display important effect on the electrolyte infiltration, the ion transport and adsorption, and the
overall performance of the battery. The use of doped nano-carbon and porous composite structure can
improve the conductivity and the electrochemical surface area and reaction sites of the electroactive
materials, and significantly increase the efficiency of energy storage and conversion.

This presentation focuses on some progresses of the doped nano-carbon and porous composite
structures, including the following three aspects: (1) The controllable synthesis and electrochemical
lithium insertion characteristics of the porous electrode materials. Porous materials have been widely
used in a variety of fields, but their large-scale controllable synthesis is still a considerable challenge.
We have designed a novel templated freeze-drying method to conveniently control the porous properties
of materials, which has been successfully applied to the synthesis of various porous phosphates, oxides
and composites, and the electrochemical lithium storage properties have been explored. (2) The porous
lithium iron phosphate and nitrogen-doped graphene composite. Three-dimensional porous
microspheres composed of LiFePOs and nitrogen-doped graphene have been synthesized by a
solvothermal method. The effect of graphene doping on the nucleation and growth of LiFePO4 and the
influence of the unique self-assembled porous microsphere structure on the electrochemical lithium
insertion performance have been studied. (3) Supercapacitance properties of doped graphene. A series
of dopant graphene materials have been facilely synthesized by a thermal solid state reaction. The
regulation of doping configuration on the electronic structure of graphene and the influence on the
supercapacitance have been systematically studied. The relevant mechanisms have been proposed and
some phenomena in the literature have been reasonably explained.

This work was supported by the National Natural Science Foundation of China (No. 51372178) and
the Natural Science Foundation for Distinguished Young Scholars of Hubei Province of China (No.
2013CFA021).
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Abstract

Recently nano-structural carbons have become the most widely used electrode materials in
supercapacitor community, because of their high specific surface area, good electrical conductivity,
chemical stability in a variety of electrolytes, and relatively low cost. In particular, graphene-based
carbons are emerging as an auspicious candidate due to the unique feature of grphane. Among
electrolytes used for supercapacitors, ionic liquids (ILs) have been becoming a promising class of them,
owing to their exceptionally wide electrochemical stability window, excellent thermal stability, non-
volatility and relatively inert nature. Despite considerable work on supercapacitor with graphene-based
carbon as electrodes, the details of what happens under nano-confinement, including pores, still require
in-depth exploration especially for IL electrolytes.
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We studied the interfacial phenomena occurring between ILs and graphene-based electrodes in
supercapacitors, using the combined molecular dynamics (MD) simulation by modeling ILs-based
EDLs at planar, cylindrical, spherical electrode surfaces and inside electrode pores at nano/micro-
scale. This talk would include:

1) MD modeling on ILs-based EDLs at open surfaces (e.g., planar, cylindrical, spherical, with
defects, etc.)!!?] and the integration with experiments (e.g., atomic force microscopy, AFM),-
4 which would focus on the EDL structure and its influence from ion size, ion type, applied
potential, electrode curvature, etc.

2) MD modeling on ILs-based porous carbon supercapacitors!®>7!, which would embody the pore
size effects on capacitance, the ion dynamics under porous confinement, and pore expansion
during charging.

3) The anatomy of electrosorption for water in ionic liquids at electrified interfaces,®! which
would show, for the first time, the work on the adsorption of water on electrode surfaces in
contact with humid ILs.
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Abstract

Porous materials have attracted much attention all over the world, because of their wide range of
applications in the areas of catalysis, gas separation and gas storage.[1] Porous organic frameworks
(POFs) can find potential applications owing to high Brunauer-Emmett-Teller (BET) surface area(PAF-
1[2]exhibits BET surface areas as high as 5640 m? g'!), exceptional physicochemical stability and low
skeleton density. However, for the intrinsic low conductivity of mostly POFs, it still remains a challenge
to apply POFs as supercapacitor. Hence charged POFs or direct carbonized POFs may be good solution
to improve the conductivity of POFs. Moreover, to the best of our knowledge, most of POFs are
uncharged and only few reports on charged porous organic frameworks. Herein, we describe the
synthesis of a series of novel charged POFs using potassium tetrakis(4-bromopyrazolyl) borate and
tetrakis(4-chlorophenyl) phosphium bromide as monomers in different ratios by a Nickel(0)-catalyzed
Yamamoto-type Ullmann coupling reaction followed by carbonization of the charged POFs to obtain a
series of carbonized PAFs. The carbonized PAFs thus obtained were found to exhibit high capacitances.
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Abstract

The greenhouse gas effect that causes global warming is largely associated with the CO2 emissions
from the burning of fossil fuels in power plants and combustion engines. It is therefore critical to develop
effective methods for COz capture and sequestration (CCS) from post-combustion effluents, such as
power plant flue gases that typically comprise 3-15% CO2 and more than 70% nitrogen (N2) under a
pressure of 1 bar.

We developed various effective strategies (N-doping, surface functionalization, extra-framework ions,
molecular design, and pore size engineering) for enhancing the CO2 adsorption capacity and selectivity
of carbonaceous adsorbents. [

In additional, porous organic polymer (POPs) has attracted more and more attentions because of low-
cost, designable and easy-modification. POPs have displayed promising potential in the field of gas
adsorption and separation. We have prepared a series of POPs for CO2 and CH4 capture and related mix
gas separation.

Capacity Selectivity Recyclability

Microporous carbonaceous
adsorbents

Surface
Functionalization| Engineering Ja

Fig. 1
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Abstract

Mesoporous carbon materials are being in vogue because of their intriguing properties and wide
potentials. Doping of heteroatoms, especially N, in carbons have attracted enormous interests owing to
its capability in enhancing or expanding their applicability in separation, energy conversion and catalysis.
In addition, N-doping can further boost dually doped carbons, such as with S and metal as the second
dopant. Such a dual doping could possibly optimize material property and maximize performance
through synergistic effects. In this talk, several synthetic methods, such as post modification [1-2], one-
step solvent-free nano-confining synthesis [2-3] and spray-drying-assisted assembly [5], for the
synthesis of heteroatom (singly or dually) porous carbon materials with different porosities and
structures will be introduced and discussed. Furthermore, the controllable synthesis of metal/heteroatom
dually doped mesoporous carbons with desirable fascinating properties will be introduced. The demo-
applications of these materials in typical adsorption, such as arsenic removal and CO:2 capture, and
typical catalysis, such as oxygen reduction, biodiesel production and dehydrogenation/hydrogenation
coupling reactions, will be presented and their structure-performance correlations will be discussed.
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Abstract

Microbial extracellular electron transfer process plays important roles in the areas of energy production,
environmental remediation and geochemical cycle systems [1]. However, the low electron transfer
efficiency restricts its further application. In our research, the current generation is improved by
modifying of Shewanella oneidensis MR-1 with carbon quantum dots (CQDs). The proper addition of
CQDs increases the current by more than 5 times, by means of enhancing the anode biofilm formation
and flavins extraction. Further mechanism analyse showed that CQDs could combine with cytochrome
c on the outer membrane and intercalate in the electron transfer pathway for faster electron transfer rate.
In another study, a bacteria/MWCNT hybrid biofilm is fabricated by effective MWCNT insertion in the
anode biofilm with an adsorption-filtration method. The current density, power density and coulombic
efficiency are increased by 46.2%, 58.8% and 84.6%, respectively, while the start-up time is reduced by
53.8%, compared with natural grown biofilm.

Inside bioflim

CQDs MWNTs
Fig.1 The diagram of enhanced microbial extracellular electron transfer with CQDs and MWNTs
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Abstract

Transition-metal dichalcogenides (TMDs) are novel layered materials for various kind of application.
In particular, those formed in hexagonal prismatic structure (Fig. 1a) with group-VIB transition-metal
are semiconductors in nature and show good transistor performance and strong light-matter interaction.
However, the potential application of group-VIB TMDs is not only limited to such general electronics
and optics, but also covers next-generation electronics of spintronics and valleytronics including the
coupling to the optical polarization (Fig 1b) [1]. Owing to the lack of the inversion centre in the
individual layer, the six conduction band minima and valence band maxima at the edge of the hexagonal
Brillouin zone split into two groups, creating a valley degree of freedom. Optical interband transition at
these high symmetry points are further coupled to the helicity of light. In addition, the heavy transition-
metal elements leads to a large spin-orbit interaction and a consequent spin splitting.

Here, I will report our recent research aiming at next-generation electronics, including optoelectronic
device utilizing valley degree of freedom [2,3] and the fundamental investigation of the spin relaxation
in TMDs [4].

AR I e g Y

Transition-metal Chalcogen

Fig.1 Crystal structure (a) and band structure (b) of group-VIB transition-metal dichalcogenides.
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Abstract

The search for active catalysts that efficiently oxidize methane under ambient conditions remains a
challenging task for both C1 utilization and atmospheric cleansing [1-6] Here, we show that when the
particle size of zinc oxide is reduced down to the nanoscale, it exhibits high activity for methane
oxidation under simulated sunlight illumination, and nano silver decoration further enhances the photo-
activity via the surface plasmon resonance. The high quantum yield of 8% at wavelengths <400 nm and
over 0.1% at wavelengths ~470 nm achieved on the silver decorated zinc oxide nanostructures shows
great promise for atmospheric methane oxidation. Moreover, the nano-particulate composites can
efficiently photo-oxidize other small molecular hydrocarbons such as ethane, propane and ethylene, and
in particular, can dehydrogenize methane to generate ethane, ethylene and so on. On the basis of the
experimental results, a two-step photocatalytic reaction process is suggested to account for the methane
photo-oxidation.
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Abstract

The world’s population is growing continuously and in close proportionality to thedemand on
fossil fuels, which may lead to its depletion in the coming decades. Theability to harness energy
from renewable resources is highly desirable for sustainableenergy economy. In recent years,
photoelectrochemical (PEC) water splitting processbased on Earth-abundant semiconductor
photocatalysts has gained considerable research interests for resolving energy and
environmental issues. The PEC watersplitting that mimics the natural photosynthesis process can
convert solar energy intostorable form of hydrogen (H2) energy, which is a good energy vector to
meet theescalating energy demand. To date, however, almost all singular semiconductor
photocatalysts used demonstrated poor PEC performance for solar-to-H2 energy conversion. In
this study, two different novel ternary nanostructured hematite-based photocatalysts of
eRGO/C60/a-Fe203 and eRGO/NiO/a-Fe20O3 were synthesized, characterised and tested as
photoanodes toward PEC water splitting application. Theternary nanostructured hematite-based
photoanodes were characterised using FE-SEM, EDX, XRD, XPS, as well as Raman, UV-Vis and
EIS spectroscopic methods. It wasfound that the ternary nanostructured photoanodes of
eRGO/C60/a-Fe203 andeRGO/NiO/a-Fe2O3 showed 5-fold and 9-fold enhancement in current
density andsignificant reduction in charge transfer resistance when compared to the
pristinehematite photoanode. In this instance, the enhancement in PEC performance of ternary
nanostructured eRGO/C60/a-Fe203 photoanode was attributed to the electrons cavenging
property of C60 as well as the highly conducting eRGO property that have mitigated the high
interfacial recombination rate of photogenerated electron-hole pairs. Whilst for the ternary
nanostructured eRGO/NiO/a-Fe2O3 photoanode, eRGO transferred the electrons efficiently in
the p-n heterojunction without causing substantial bulk recombination. Additionally, the
internal electrostatic field in eRGO/NiO/a-Fe2Os3 could facilitate the effective separation of
photogenerated electron-hole pairs so that more holes could participate in the water oxidation reaction

instead of recombination process. It is anticipated that the fundamental understanding gained through
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this study is helpful to design and construct high-performance photoelectrodes for the
application in PEC water splitting in the near future.
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Abstract

Polybrominated diphenyl ethers (PBDEs) are widely used as flame retardants, and become a new
class of global contaminants. Because PBDEs possess typical characteristics of persistent organic
pollutants (POPs) like persistent, bioaccumulation, and biotoxicity, their elimination therefore attracts
much attention of researchers.

The reductive debromination is a common strategy to treat PBDEs. Among various reductive methods,
the photogenerated electron of TiOz is considered to be highly efficient to reduce decabromodiphenyl
ether (BDE209) [1]. However, this leads to accumulation of brominated intermediates, but the
debromination products with less bromine atoms are much more difficult to get further reductive
debromination,.

To promote the photocatalytic reductive debromination, we developed several TiO2-based composites
including reduced grapheme oxide (RGO) loaded TiO2 (RGO/Ti0z2), Ag/Ti0O2, and CuO/TiOz to reduce
BDE209 and/or 2,2’,4,4’-tetrabromodiphenyl ether (BDE47) [2-4]. These heterosturctured
photocatalysts have two beneficial roles: charge separation in space, and enhanced adsorption of PBDE:s.
Thus, the photocatalytic reduction of PBDEs was greatly improved. However, the complete
debromination of PBDEs to diphenyl ether through the photocatalytic reduction process is rather
difficult. For example, although all the added BDE47 was rapidly reduced, the debromination efficiency
was still less than 50% over Ag/TiO2 and CuO/TiOz [3, 4]. This is because that the reduction of low-
brominated PBDE:s is rather difficult, due to their weak electron affinity.

Although most studies indicate that BDE209 is strongly resistant to oxidation, we firstly demonstrated
that the h'/OH-involved oxidative degradation of BDE209 took place slowly in the UV-irradiated TiO2
aqueous dispersions [5]. We also noted that the oxidation of BDE209 is much slower than the following
oxidation of the less-brominated organic intermediates. Since the highly brominated PBDEs are more
easily reduced, and the lower brominated PBDEs become more susceptible to the oxidation, we then
developed an effective “one-pot” photocatalytic system for driving concurrently the pre-reduction and
consecutive oxidation of BDE47.
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Abstract

Various kinds of modifying methods towards ZnO and TiO; one-dimensional nanostructures such as nanorods
and nanotubes have been carried out for their applications in Dye-sensitized solar cell (DSSC), perovskite solar
cell (PSC) and photo detectors (PD). Core-sheath ZnO/CdTe and double-sheath ZnO/CdSe/CdTe
nanocable arrays as effective photoanode have been developed for solar cells, which resulted in a
saturated current as high as 14.3 mA/cm?. Large area free-standing highly ordered TiO2 nanotube arrays
on the fluorine-doped tin oxide (FTO) conductive glass substrates have been successfully obtained to
serve as photo-anodes of DSSCs. The certified photovolatic conversioncy of TiO2 nanoarrays based
DSSCs is up to 10.3% by using N719 as Dye and I-/I3- as electrolyte. Perovskite solar cell with
efficiency of up to 18.6% based on TiO2 nanorod arrays is also presented. Self-powered broadband
photodetectors based on CH3NH3Pbl3/ZnO nanorod arrays heterostructure have been achieved with high
detectivity of 3.56 x 10'* cm Hz"? W~! and high responsivity of 24.3 A W',
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Abstract

It is in very recently that the investigation of full-spectrum photocatalysts active in near-infrared (NIR)
region have gained increasing attention. The strategies for developing an full-spectrum photocatalyst
with NIR-activity generally include combination of up-conversion fluorescent materials with
semiconductors [1], sensitization with NIR responsive dyes [2], introduction of defect bands, vacancies
and the other photosensitive sites into semiconductors for increasing adsorption of NIR light [3,4],
application of narrow band gap semiconductors [3] or combination of narrow band gap semiconductors
with broad band semiconductors or noble metals [5] for extending absorption edges to NIR light region.
Herein we introduced the full-spectrum photocatalysts developed in our research group and analyzed
their fabrication approaches for producing NIR photoactivity. Tetragonal B-In2Ss3 nanoparticle
synthesized though a simple hydrothermal method by using sodium sulphate as sulphur source was the
first full-spectrum photocatalyst with NIR photoactivity developed in our research group. It shows much
higher photocatalytic activity in degradation of methyl orange (MO) in all tested UV, visible and NIR
regions. The high photocatalytic activity is attributed to its narrow band gap (1.77 eV), defect spinel
structure and sulfur vacancies on the particle surfaces allowing for absorption of NIR light and efficient
separation of photogenerated electron-hole pairs [3]. To further corroborating the full-spectrum
photocatalytic activity of B-In2Ss, three In2S3 nanomaterials with different morphology were prepared
by using sodium sulphide (Na2S), thiosemicarbazide (TSC) and thioacetamide (TAA) as sulphur sources,
respectively. All the as-prepared In2S3 nanomaterials were found to perform well in photodegradation
of MO under either UV, visible or NIR light irradiation. The In2S3 nanomaterial with irregular and plate-
like nanoparticles synthesized by using NaxS as sulfur source shows the best performance due to its
exposure of more photoactive (311) plane than the other two In2S3 nanomaterials and the occurrence of
lattice oxygen. The nanomaterials that synthesized by using TSC and TAA as sulfur sources possess the
morphology of hollow microspheres, which are hierarchically constructed by thinner nanosheets and
cumulated by thicker platelets, respectively. The microsphere sample constructed by thinner nanosheets
shows even lower photocatalytic activity than that accumulated by thicker platelets under all the tested
light regions especially under longer irradiation time because of its less exposed (311) plane and lower
sulfur vacancies although it possesses a far larger specific surface area than the latter [6]. The second
full-spectrum photocatalyst active in NIR region is an Er**-doped ZnO-CuO-ZnAl>O4 multi-phase
oxides which was prepared by calcination of Zn/Cu/Al/Er-layered double hydroxide (Zn/Cu/Al/Er-
LDH). The as-prepared full-spectrum photocatalyst inherited a platelet structure from Zn/Cu/Al/Er-
LDH and mainly consists of Er**-doped ZnO, Er**-doped ZnAl:04 and Er**-doped CuO nanoparticles
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These metal oxides occur as a commensal that displays a very stable photocatalytic activity over the full
solar light spectrum. Compared with the control photocatalyst ZnO-CuO-ZnAl204 multi-phase oxides,
which was prepared by calcination of Zn/Cu/Al-LDH and also found to possess broad-spectrum
photocatalytic activity, the Er**-doped ZnO-CuO-ZnAl>O4 multi-phase oxides display a much better
photoactivity in the entire UV and visible regions, and particularly in the NIR region. The excellent
photocatalytic activity of Er’**-doped ZnO-CuO-ZnAl:04 multi-phase oxides in the NIR region is
ascribed to its Er**-doped CuO-involved multi-crystalline phase heterostructure and the lattice Er**
doping-induced distortion, which does not only offer an enhanced NIR absorption but also promotes the
separation of photogenerated electron-hole pairs. The third full spectrum photocatalyst we developed is
Zn0O/ZnFe204 photo-Fenton-like catalyst. The ZnO/ZnFe20O4 nanocomposite was prepared by a co-
precipitation method followed by calcination. As revealed by optical absorption analysis, the
Zn0O/ZnFe204 nanocomposite exhibits significant optical absorptions in UV, visible and NIR light
regions. Benefitting from this unique photo-absorption property and the generation of reactive *OH
mainly by the reaction of photogenerated electrons with H20z2, the ZnO/ZnFe204 nanocomposite can
degrade MO in the presence of H202 under either UV, visible or NIR irradiation. Moreover, the UV,
visible and NIR photocatalytic activities of ZnO/ZnFe20O4 nanocomposite are not changed significantly
after three runs of recycling [7]. The fourth full-spectrum photocatalyst we developed is TiO2/H202
thermally-assisted photocatalytic systm, in which the presence of H202 and the elevated temperatures
facilitate the production and separation of electrons and holes, accelerate the carrier transfer at the TiOz-
electrolyte interface and promote the production of hydroxyl radicals under infrared lamp irradiation.
The TiO2/H202 thermally-assisted photocatalytic system can efficiently degrade lignin in waste water.
Suitably increasing the addition level of H20: and raising the temperature significantly improve the
degradation rate of lignin. The optimal temperature for the thermally-assisted photodegradation of lignin
is 70 °C.
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Abstract

Optical absorption enhancement using plasmonic structures enables a wide range of applications such
as solar energy harvesting devices, light emitting devices and photothermal management. For example,
in plasmonic photocatalysis, it has recently attracted great interest in enhancing photocatalytic efficiency
not only by the plasmon-enhanced near field but also by the plasmon-enhanced hot-carrier injection,
which could boost the visible response of wide bandgap photocatalysts [1]. Here we report
measurements and simulations of the efficient sunlight-driven and visible-active photocatalysts
composed of plasmonic metals and ZnO nanowire (NW) arrays fabricated via an all-wetchemical route
(Fig. 1a) [2]. Another application of plasmon-enhanced light absorption is the perfect absorber and
thermal emitter [3]. It is found that with proper designs supported by the electromagnetic simulation,
the plasmonic structures could exhibit near perfect absorption at desired resonant wavelengths, making
them promising for a number of potential application such as thermal emitters (Fig. 1b) [4], molecular
sensors [5] and IR sensors [6].
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Fig.1 (a) Plasmon-mediated photocatalytic activity of ZnO NWs. (b) Plasmonic absorbers for thermal emitters
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Abstract

In the diligent pursuit of low-power consumption, multifunctional, and environmentally friendly
electronics, more sophisticated requirements on functional materials are on demand. For example,
flexible electronics represents a fast-developing field and has a great potential to impact our daily life.
In building up flexible electronics, the materials with controllable conduction, transparency, and good
flexibility are required. Recently, the discovery of free-standing 2D materials has created a revolution
to this field. Pioneered by graphene, these new 2D materials exhibit aboundant unusual physical
phenomena that is undiscovered in bulk forms. In the meantime, it also possesses very high transparency
to the visible light. However, the extensively studied pristine graphene naturally has no bandgap and
become restricted in many field-effect based applications. Hence, looking for various types of new 2D
materials has been a focal research direction nowadays. In this talk, we intend to take the same concept,
but to integrate a family of functional materials in order to open new avenue to flexible electronics. Due
to the interplay of lattice, charge, orbital, and spin degrees of freedom, correlated electrons in oxides
generate a rich spectrum of competing phases and physical properties. However, a generic approach to
build up flexible electronics based on functional oxides is yet to be developed. In this study, we use a
2D material as the substrate. And we take several functional oxides as model systems, including
transparent conducting oxides, VO2, NiO, Fe3O4, Pb(Zr,Ti)O3, and oxide nanocomposites, to
demonstrate a pathway to build up functional oxides for transparent and flexible electronics.
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Abstract

A significant improvement in efficiency is achieved for Ru-based and porphyrin (YD2-0-C8) based dye-
sensitized solar cells (DSSCs), coupled with I37/I" and [Co(bpy)3]**** mediator electrolyte, respectively.
However, the poison of the counter electrode (CE) by the [Co(bpy)3]**?>" mediator remains a significant
barrier to producing a reliable high-performance device. In our study, nitrogen-doped graphene
nanosheets (NG) are produced using a low cost solution-based process and used as the CE for DSSCs
(in Figure 1). These produce significantly better electrocatalytic activity than the commonly used Pt
CE. The superior performance is a result of the increased number of catalytic sites and the wettable
surface that is caused by the substitution of pyridinic and pyrrolic N into the carbon conjugated lattice.
We found that the control of the air exposure time after completing N-MEG film is crucial to obtain a
reliable NG CE. To the authors’ best knowledge, the significantly improved cycling stability (>1000
times) of NG CE for [Co(bpy)3]*"?>" redox complexes is demonstrated for the first time.

Fig.1 HRTEM image of N-MEG nanosheet.
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Abstract

COz photocatalytic reduction with water is one of the most popular and challenging technologies to
produce renewable energy. Engineering TiO2 with coexposed {001} and {101} facets could enhance
the conversion efficiency of CO:2 due to the effective separation of photogenerated charges caused by
the formation of {001}/{101} surface heterojunction. However, faceted TiO2 nanocrystals still suffers
from low conversion effiency and low selectivity for CO2 reduction. In this paper, faceted TiO2
nanocrystals were combined with graphene and metal nanoparticles respectively to improve the activity
and selectivity of CO:2 photocatalytic reduction. The results show that the faceted TiO2/graphene
composites exhibited higher CO yield than that of pristine TiO2 due to the formation of {001}/{101}
surface heterojunction and supporting of graphene, which can effectively promote the spatial separation
of photogenerated electrons and holes. Differing from graphene, Pt loading tended to promote the
production of CH4 and H2 while Cu20O suppressed Hz evolution and exhibited lower CHas selectivity
comparing with Pt. Furthermore, when Pt and Cu20 were co-deposited on TiO:z crystals, H2 and CO
production were both inhibited and CO2 was selectively reduced to CHa. Pt could not only capture
photogenerated electrons but also increase the electrons density on the surface of TiO2. Meanwhile,
Cu20 loading enhanced the CO2 chemisorption on TiO2 while inhibited that of water. As a result, Pt and
Cu20 co-deposited TiO2 crystals exhibited high selectivity for CH4 production.
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Fig.1 Schematic diagram of graphene and metal modified faceted TiO: nanocrystals
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Abstract

Contrast agents play a vital role in the enhanced examination of biomedical imaging. However,
traditional clinical small-molecule agents face a variety of drawbacks, such as low blood circulating
time, difficult modification and potential toxic and side effects. Herein, a simple albumin directed
fabrication of gold (Au) or platinum (Pt) nanoparticles was achieved for exploring the utilization in CT
and MR imaging. Firstly, ultra-small nanoagents (Pt@BSA) with a mean core size of 2.1 nm were
obtained through a facile one-pot synthesis by the reduction of chloroplatinic acid hexahydrate using
bovine serum albumin (BSA) as the biotemplate under room temperature. It was demonstrated that the
nanocrystals could serve as potential new and potent CT contrast agents, especially vital for in vivo
imaging with prominent enhancement and metabolizable behaviours due to the combination of the
higher X-ray attenuation property and prolonged imaging time [1]. Then gold nanoparticles (Au@BSA)
were also prepared with BSA as a biotemplate following with conjugation of diatrizoic acid (DTA) for
a potential CT imaging contrast agent (Au@BSA-DTA). The biomimetic material Au@BSA-DTA with
double radiodense elements of Au and iodine displayed much stronger CT imaging effect compared
with the traditional small molecule contrast agents [2]. Finally, a novel CT/MR contrast agent
Au@BSA-Gd-DTPA was fabricated by modifying the as-prepared Au@BSA with diethylene triamine
pentoacetic acid (DTPA), followed by the chelation of Gd (III) ions. For the CT phantoms, the formed
nanocomplex showed an improved contrast in CT scanning than that of Au@BSA as well as small
molecule iodine-based CT contrast agents, and for the Ti-weighted MRI images, the nanoagents
displayed a relatively higher 11 relaxivity than that of the commercial MR contrast agents. Importantly,
the above mentioned nanoagents exhibited not only good colloid stablility and water dispersibility, but
also satisfying low-cytotoxicity and hemocompatibility. In summary, we have constructed a series of
novel biomaterials that can be used as contrast agents for both X-ray CT and MR phantoms, which paves
the potential clinical applications in cancer early diagnosis.
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Fig.1 A schematic illustration of the preparation of the Au@BSA-Gd-DTPA.
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Abstract

The T1-T>» dual-modal magnetic resonance imaging (MRI) contrast agents can greatly improve the
sensitivity and reliability by the beneficial contrast effects in both 71 imaging with high tissue resolution
and 7> imaging with high feasibility on detection of a lesion. We report a facile one-pot synthesis of
manganese oxide-embedded iron oxide (Fe304/MnO) nanoparticles by thermal decomposition of iron-
oleate and manganese chloride. The Mn/Fe molar ratios in the final nanoparticles can be well tuned by
the Mn/Fe molar ratios in the reaction precursors. After PEG-phosphate coating, Fe3Os/MnO
nanoparticles significantly increase the 71 relaxivity with an enhanced positive contrast effect. Moreover,
both r1 and 72 values of Fe3O4/MnO nanoparticles can be tuned by varying Mn/Fe ratios. Therefore, the
facile synthetic method and surface coating strategy, and the highly biocompatibility of Fe3O4/MnO
nanoparticles promise the potential biomedical applications in MR imaging.

Fig.1 TEM image with high angle annular dark field and EDX mapping images of Fe;0,4/MnO nanoparticles.
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Tracking of Stem Cells with Magnetic Resonance Imaging
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University of Georgia, Athens, GA., USA
Email: gzhao@physast.uga.edu

Abstract

Recently various cell therapies have improved outcome of many diseases. A critical component of cell
therapies is the ability to track the cells after transplantation. Monitoring a cell’s survival, migration,
differentiation, and integration within host tissue is crucial for assessing the safety and efficacy of
cellular treatments. In this talk magnetic resonance imaging (MRI) based tracking of stem cells is
presented, where cells labeled with superparamagnetic iron oxide (SPIO) nanoparticles can be tracked
in a chicken embryo model up to 10 days post transplantation. Nevertheless, SPIO nanoparticles as a
T>* contrast agent are usually associated with signal loss in MR images, leading to difficulties for cell
tracking. To overcome this problem, a new imaging sequence, SWIFT with water and fat suppression,
is introduced. Compared with other conventional pulse sequences, such as spin echo and gradient-
recalled echo, the SWIFT approach enhances in vivo mapping of SPIO distribution in tissues, and
improves detection sensitivity of SPIO nanoparticles.
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Surface Passivation of Magnetic Nanoparticles via Atomic Layer Deposition
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Abstract

Iron(ILIII) oxide (Fe304) as a typical magnetic material, have received great attention for applications,
including magnetic resonance imaging (MRI), biochemical sensing, hyperthermia treatment, targeted
delivery of pharmaceuticals and therapeutic genes.[1] One of the obstacles for these applications, is the
tendency of these nanoparticles towards oxidation and magnetization loss under ambient conditions.
The Fe3O4 nanoparticles often oxidize to FexO3 spontaneously and consequently suffer a loss of
magnetization.[2] An effective way to overcome this obstacle is to passivate the surface of Fe3O4
nanoparticles to prevent ambient oxygen reaction.

Atomic layer deposition (ALD) is an attractive technique to deposit ultrathin nanoscale films onto
high-aspect-ratio surfaces and afford precise thickness control at atomic scale.[3] In this work, a home-
built rotating fluidized bed atomic layer deposition reactor was employed to form dense and uniform
ultrathin layer of oxide passivation layers on Fe3O4 nanoparticles.[4] Uniform passivation layers around
the magnetic cores were demonstrated by both transmission electron microscopy and the statistical
analysis of Al mass concentrations. Individual particles were coated instead of the soft agglomerates, as
was validated by the specific surface area analysis and particle size distribution. Alumina has been
chosen as a representative coating materials owing to its good stability and biocompatibility, its high
efficiency for oxidation resistance, and process ease for ALD.[S] The results of thermogravimetric
analysis suggested that ~5 nm Al2O3 coatings as shown in Fig 1.could effectively protect the Fe3Os
nanoparticles from oxidation (Fig. 2). The X-ray diffraction patterns also showed that the magnetic core
crystallinity of such passivated nanoparticles could be well preserved under accelerated oxidation
conditions. The precise thickness control via ALD maintained the saturation magnetization at 66.7
emu/g with a 5 nm-thick Al2O3 passivation layer. This good preservation of the magnetic properties
with superior oxidation resistance will be beneficial for practical MRI as well as other magnetic-based
applications.

Fig.1 TEM images in bright field of 5nm Al;O;s coated Fe;Oq4 nanoparticles
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Fig.2 TG curves of bare and different cycles Al,O; coated Fe3Q4 nanoparticles
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Proteins promote cancer nanotheranostics

BINGBO ZHANG

The Institute for Biomedical Engineering & Nano Science, Tongji University School of Medicine, Shanghai, 200443,
China
Email: bingbozhang@tongji.edu.cn

Abstract

Utilizing molecular imaging probes can increase the detection rate and diagnosis accuracy of tumors.
However, the non-specific adsorption of nanoprobes is seriously affecting the detection accuracy and
sensitivity. Leveraging on the unique domains and amino acid sequences of bio-endogenous proteins,
some specific tactics, including surface engineering of nanoparticles with proteins, and protein-mediated
biomimetic synthesis of nanoprobes have been developed in a green chemistry fashion in our group[1~4].
This protein-mediated cancer nanotheranostic strategy is of great significance in reducing nonspecific
adsorption of nanoprobes for in vitro diagnosis and in vivo applications. Capitalizing on this strategy,
protein-coated nanoparticles with single-/dual- imaging modality were fabricated. Furthermore,
therapeutical moieties can be imparted to the above structures in a one-pot manner for enhanced tumor
theranostics. Particlularly, the operating mechanisms of these reactions are preliminarily studied [5].

£ ﬁ:ﬁ

Langmuir 2016, 2012
J. Mater. Chem. B 2016
Biomaterials 2015
Nano Research2014

Surface
Engineering

Protein
Biomimetic Mechanism
. Synthesis Study

Fig.1 Protein-Mediated Biomimetic Tactics in Our Group.
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Abstract

Magnetic resonance imaging (MRI) provides crucial roles in diagnosis and treatment of human diseases.
More and more new MRI techniques have been developed recently. Among them, chemical exchange
saturation transfer (CEST) imaging [Figl] has shown its promising for noninvasive pH imaging and
metabolic imaging. [1] Nanoparticles have also been studied widely in the field of magnetic resonance
imaging, including disease detection and stem cell migration. For example, superparamagnetic iron
oxide nanoparticles (SPIONs) have been intensively studied for their biomedical applications as T2
contrast agents in MRI. We collaborated with Zhang BL group [2] and found that compared with other
nanoparticles, SPIONs exhibit highmagnetic responsivity which can reduce the amount of the contrast
agents needed for calcium-responsive MRI, low cytotoxicity, higher biocompatibility and chemical
stability. The assessment of changes in the extracellular calcium concentration by magnetic resonance
imaging would be a valuable biomedical research tool to monitor brain neuronal activity. The
nanoparticles, EGTA-SPIONs, have potential as smart contrast agents for Ca2+-sensitive MRI. We also
collaborated with Bu WB group [3] and found that both T1-weighted imaging and in vivo pH mapping
can be successfully acquired on the kidney and glioblastoma (GBM) of the mouse after intravenous
injection of the T1/CEST NaGdF4@PLL nanodots (NDs), demonstrating the feasibility of such an
anatomical and functional dual-mode imaging technique on one magnetic resonance machine by the
rational design of MRI contrast agents. Meanwhile, the PLL shell exhibits a sensitive CEST effect that
depends on the pH value of the lesions. Attractively, these ultrasmall nanoagents could be excreted
through urine with negligible toxicity to body tissues, which has been demonstrated by the blood
biochemistry, hematology, and tissue H&E staining analysis.
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Fig.1 CEST images of creatine tubes of different concentrations.
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Two color optical absorption in InAs/AlSb/GaSb quantum well

XIANGFEI WEI
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Abstract

In order to suppress the noise and improve the performance of the detector, the AISb caplayer is inserted
between the InAs layer and GaSb layer. The transfer matrix method is employed to solve the
SchrOdinger equation to get the wavefunctions and subband energies for electron and hole. The optical
absorption coefficients are obtained by solving the Boltzmann equation with the balance equation
method. The effects of the AISb caplayer on the intersubband optical transition are investigated in detail.
The noise induced by the electron-hole combination is suppressed efficiently when the width of the
AISD caplayer reaches up to 2 nm. Two peaks of the optical absorption are observed at the Mid-and-far
Infrared bandwidth indicating that the InAs/AlSb/GaSb based type II quantum well system can be used
as Mid-and-far Infrared photoelectric detector.

Keywords: Two color optical absorption, InAs/AlSb/GaSb quantum well, Electron-hole combination
noise
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molecules of hydrolysized polyimide
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Abstract

A novel approach for increasing the specific capacitance of graphene-based supercapacitors is reported.
In this work, Kapton, which is polyimide (PI) film widely used in industry, is used as the starting
material to functionalize graphene. Hydrolysis of PI in alkalic solution released small aromatic
molecules containing pyrrolic nitrogen that can be dissolved in water and easily adsorbed onto graphene
sheets via m-m interaction (Fig.1). These small molecules store charge via a redox process, endowing
graphene with pseudocapacitance and increasing the specific capacitance. N-doped graphene films are
obtained by hydrothermally reducing solid composite films consisting of graphene oxide, ammonium
acetate, and salt. These films are firstly used as electrodes to make symmetric supercapacitors with
H2SO4 aqueous electrolyte as electrolyte, and show specific capacitances around 310 F/g. After the
adsorption of hydrolysized PI molecules, the weight of graphene film is ~3% increased, and the specific
capacitance was remarkable increased up to 467 F/g. Notably, the areal specific capacitance is in the
scale of 1.2 F/cm?. When using the Li2SO4 aqueous electrolyte that can extend the potential window to
1.5 V, the device also remains high specific capacitance around 445 F/g, and exhibits high energy
densities up to 35 Wh/Kg. Our devices not only deliver excellent capacitive performances in aqueous
electrolyte (89% capacitance retention at 20 A/g and 85% capacitance retention over 5 000 cycles), but
also exhibit extraordinary mechanical flexibility. This novel strategy by adsorbing small molecules from
hydrolysized PI provides a promising route towards high-performance supercapacitors.

Fig.l. lllustration of the adsorptlon of hydrolyszzed PI molecules onto graphene sheet.
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Gram-scale production of nanoporous graphene by Mg-thermoreduction of
CS; for electrochemical energy storage
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Abstract

Mass production of porous carbon at low cost for supercapacitor applications is highly desired. Herein,
for the first time we report a novel method to grow porous 3D graphene by using Mg to reduce CS2
vapor. In a tube furnace the mixture of Mg and NaCl powders are heated at 570 °C and reacted with CSz
vapor carried by an Ar flow. The Mg powder can be about 95% consumed and the weight of resultant
carbon nanomaterial is in gram scale after one experiment. This 3D graphene product with specific
surface area of 980 cm?/g is processed into electrodes for electrochemical test, showing a specific
capacitance of 212 F/g at 1 A/g in H2SO4 aqueous electrolyte. Besides, the electrode is continuously
charged/discharged at 5 A/g for 10,000 cycles and its capacitance remains 98.5% of the original value.

200 nm

Fig.1. (@) and (b) SEM images of the 3D graphene product at low and high magnifications.
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Abstract

A UV-Visible photodetector employing heterojunction between the Fe:TiO2 and Si was fabricated via
a facile solution process. The existence of built-in electric field between TiO2 and Si help facilitate the
separation of photogenerated electron-hole pairs and regulate the electron transport. Under zero bias,
the device exhibited high responsivity of 46 mA/W (350 nm) and 60 mA/W (600 nm) with a 0.5 mw-cm”
2 light irradiation. At a small reverse bias of -0.5V, the quantum efficiency of the heterojunction rise up
beyond 100% with a broad wavelength range. The exploring of Fe:TiO2/n-Si heterojunction
photodetector demonstrates an ultrasensitive (on/off ratio up to 10°), fast (rise/decay time of <10/15 ms),
and broad-band (UV-visible) photodetection with no or low external energy supply. Such novel
photodetector with Fe:TiO2/n-Si Heterojunction might be potentially useful for relative applications
with weak-signal fast detection in UV-visible band.
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Fig.1 Responsivity and EQE of Fe:TiO2/n-Si heterojunction under each bias in UV-visible band
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Abstract

Revealing the structural/electronic features and interface interactions of monolayer MoS2 or WSz on
metals is essential to evaluating the performance of related devices. Herein, we focused on the atomic-
scale features of monolayer WSz on Au(001) derived from the chemical vapor deposition (CVD)
synthetic route. The results of scanning tunneling microscopy and spectroscopy (STM/STS) reveal that
the WS2/Au(001) system possesses a striped superstructure similar to that of MoS2/Au(001) and a
weaker interfacial interaction, as evidenced by both experimental and theoretical investigations.
Specifically, the band gap of WS2/Au(001) manifests a relatively intrinsic value of ~2.0 eV. However,
the band gap can be gradually decreased to ~1.5 eV by increasing the sample annealing temperature
from ~370°C to 720°C. Additionally, the doping level (or Fermi energy) of monolayer WS2/Au(001) is
nearly unchanged over the valley and ridge regions of the striped patterns, which is explained by the
homogenous distributions of point defects introduced by annealing. Briefly, this work provides an in-
depth investigation into the interfacial interactions and electronic property of monolayer MX2 on metal
substrates. [1].

difdV (a.u.)

3-2-101 2
Sample bias (V)

Fig. 1 STM image (0.20 V, 940 pA, 15 x 15 nm?) of WS2/Au(001) after 2 h of annealing the sample at ~370°C, and the
corresponding STS spectra (2.50 V, 200 pA, 10 mV, 932 Hz) at the positions marked with colored dots (along the black

arrow).
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Abstract

We report a modified Hummers method in which the amount of potassium permanganate was increased
while maintaining the thermal cycle of the system. Compared with the traditional Hummers method, it
offers easier procedures while producing greater amount of oxygen-containing groups (~30%) at a high
yield. The prepared graphene oxide(GO) also exhibited greater layer spacing (>0.834 nm), which is
beneficial for the sonication dispersion. Thus, the modified Hummers method shows desirable prospects
for large-scale industrial production and applications of GO, in addition to its derivatives and market
potential.

Keywords: Carbon and graphite; layered structures; Modified hummers method; Raman
spectroscopy; X-ray diffraction
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Abstract

Terahertz nondestructive detection system is to test the image of the carbon fibre composite material.
We use the continuous back wave oscillator (BWO) to pump the terahertz radiation, which the frequency
is range from 210-250 GHz. By the reflection type detection system, the terahertz probe focus moves
from the surface of the concealed carbon fibre composite material. In order to get real-time scanning the
material image,the material is located by the 2D translation machine,which is connected to the
computer.The data is collected by the phase-locked amplifier and calculated by the Matlab using the
least square method(LSM). The interior structure, such as cracks, inclusions, empty and bubbles, can be
detected by the images nearly Imm resolution,which is a more convenient and simple method of
nondestructive detection of the carbon fiber composite material.
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