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K45 1: Nanotheranostic Opportunities and Challenges
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K45 4: Progress in thermochromic materials

Y. Long, School of Materials Science and Engineering, Nanyang
Technological University. Dr. Long studied at Cambridge University,
United Kingdom and currently hold senior lecturer position in School

of Materials Science in Nanyang Technological University, Singapore.

Her research area is to develop different nanostructured functional thin

—=g films.  She has successfully implemented two technology transfer
'; from lab to industry including the leading hard disk company Seagate
F . in her early career. Her more recent work is developing functional smart

coatings. She has published widely in high impactful journals such as Joule, Advanced
Functional Materials, ACS Nano, Journal of Materials Chemistry A and Small, etc. and her
work has been widely reported in different media and has won TechConnect Innovation Award,
Washington in 2015.

WMEME.

Thermochromic material responds to solar spectrum differently at the stimulus of heat
which makes it attractive in the energy saving smart windows application. The most studied
inorganic VO2 has the intrinsic problems of low luminous transmission (Tlum) and low solar
modulation (ATsol the transmission difference between high and low temperatures).1,2
Numerous efforts such as employing dopings, 1,3 nanoparticle-based composites,1,4 and nano-
porous structuring 1,5 have been widely studied. Our group have developed five new
approaches to tackle this veritable challenge, namely, biomimetic nanostructuring including
photonic structure6 and moth eye7 gridded structures8,9 tunable plasmonic structures10,11,12
organic and hybrid structures.13,14 In addition, new active controls has also been applied to
thermochromic material to generate a new electro-thermochromics or mechanical-

thermochromic materials.15,16,17,18
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K@ 5: Magnetic Swimming Microrobots for Biomedicine

Li Zhang, is currently an Associate Professor in the Department of
Mechanical and Automation Engineering at The Chinese University of
Hong Kong (CUHK). He received the Ph.D. degree from the University
of Basel, Basel, Switzerland, in 2007. And then, he joined the Institute of
Robotics and Intelligent Systems, Swiss Federal Institute of Technology
(ETH) Zurich, Switzerland as a postdoctoral fellow until 2009, and as a
senior scientist from 2009 to 2012. He joined CUHK as an Assistant

Professor in 2012.

His main research interests include micro-/nanorobots and their biomedical applications.
He won the Hong Kong Research Grants Committee (RGC) Early Career Award in 2013, and
CUHK Young Researcher Award 2017. Dr. Zhang is a senior member of IEEE, who has won
several awards from IEEE international conferences. Since 2004 he has authored and co-
authored over 160 papers, including Science Robotics, Nature Communications, Science

Advances, as the corresponding author.

MEME:

People have envisioned tiny machines and robots that can explore the human body, find
and treat diseases since Richard Feynman’s famous speech, “There's plenty of room at the
bottom,” in which the idea of a “swallowable surgeon” was proposed in the 1950s. Even though
we are at a state of infancy to achieve this vision, recent intense progress on nanotechnology,
MEMS/NEMS technology and micro-/nanorobotics has accelerated the pace toward the goal.
A number of research efforts have been recently published regarding the development of tiny
swimming machines/robots from the basic principles and fabrication methods to practical

applications.

I will present the recent research progress in my lab on using swimming microrobots for
early diagnosis and targeted delivery, from the design, magnetic actuation, to perspective of

using these small agents for biomedical applications in vitro and in vivo.
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WMEME.

Recently, with the interest of building nanoscale machinery for biomedical application and
low-cost nanofabrication, verities of self-propelled synthetic micro/nanoparticles are developed
to mimic the functions of motile algae/bacteria. These active particles could harvest energy
from the environment and generate the thrust to propel itself through the solution which bears
great importance of both fundamental soft matter physics and practical applications such as

targeted drug delivery and noninvasive surgery.

Light based operation has been proved as the most versatile tools for micromanipulation,
which has been well developed in optical tweezer system. However, the optical tweezers are
based on the momentum transfer process from incident photon, which intrinsically need high
photo flux due to the low photon mass. In typical optical tweezer experiment MW/cm2 light
intensity is needed, while only mW/cm2 is needed for the newly developed light-powered
photoelectrochemical propelled microswimmer system. In this system, the light is utilized as
the power source as well as the control signal to navigate the semiconductor-based
microswimmer. With novel nanostructure design, the artificial microswimmer demonstrated

superb controllability as well as programmability.



KR 4E 7. Phototaxis Motion Behavior of Self-propelled Water Droplet Microrobot in Oil
Solvent
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WMEME.

Controllable self-propelled water droplet microrobot shows great potential applications as
carries, sensors and actuators in biological medicine and oil exploration areas. In this paper, a
light-driven self-propelled water droplet microrobot is proposed and its phototaxis motion
behavior in oil phase solvent is studied. Under the blue laser irradiation, the water droplet
microrobot doped with Fe203 nanoparticles approaches the direction of light source which is
triggered by light induced ion concentration gradient flow. Numerical simulations are
performed to investigate the water-oil interface behavior and its motion mechanism. It is found
that these light-driven self-propelled water droplet microrobots present schooling behaviors and

aggregate at the center of light source.



K& E 8: Dynamic Nanomachines for Clean Air, Water and Energy

Alexander A. Solovev, received his Ph.D. from the Institute for
Integrative Nanosciences, Leibniz Institute for Solid State and Materials
Research, Germany. During past 15 years, he was working in major
research institutes worldwide, including the Max Planck Institute,
Leibniz Institute, Technical University of Munich, Princeton University

and Columbia University. He was a postdoc with Geoffrey Ozin at

University of Toronto and David Weitz at Harvard University. Currently,
Dr. Solovev holds a full professorship at the department of Materials Science, Fudan University,
Shanghai, P. R. China. His group is renowned for innovative and transformative fundamental
scientific, technological advances and original contributions to fields of inorganic
nanomembranes capable of producing novel quantum, chemical, electrical, optical and
mechanical properties in unprecedented ways. His awards include: Emerging Leader from the
lopScience Publishing, a “1000 Talent” Award from government of P.R. China, “Dawn program”
Award from Shanghai City, Humboldt Feoder Lynen, Max Planck, University of Toronto
fellowships, DSM Science and Technology Award from Switzerland, the DAAD Prize and he
hold the Guinness Word Record for “the Smallest man-made Jet Engine”. Interests of his
research lab include new properties of 3D nanomaterials, nano/-micromachines, theranostics,

clean water, clean air and clean energy.

WERHE:

Miniaturization in the machine design leads to multiple improvements of machine
performance including negligible inertia, higher surface to volume ratio, higher strength to
weight ratio, volumetric energy density, efficiency, faster relative motion and ultra-precise
movements. We made a breakthrough development by making a new generation of catalytic
nano/-micromotors consisted of inorganic nanomembranes. This result is a major step forward
to a practical powering of tomorrow's micro- and nanomachines and it represent the entry in
the Guinness Book of World Records for “the smallest man-made motors.” Today, nano-
/micromachines are fascinating new devices, which can transform local chemical energy and/or
energy of external field (e.g. light, ultrasound, temperature, magnetic field, electric field) into
autonomous movement, pumping of fluids and potentially revolutionary ways to convert energy,
perform diagnostics and delivery of biomedical cargo. My presentation will discuss concepts,
achievements, challenges and perspectives facing dynamic nanomachines, their technological
relevancy and important breakthroughs.



KRk & 9: FABRICATION AND BIOMEDICAL APPLICATIONS OF MICRO/NANO-
MOTORS

E, WL, TR GRID MERE S TR R AR, TENFE
PR RER RS AW B TN K WL R 1) G S I AR W P 7 45 4 s
[ R R FE . ©L R 3R SCI 183 70 R CELHE 1 3% Chem. Rev..
3 j# JACS. 3 & ACS Nano. 1% Angew Chem. Int. Ed.. 1% Adv.
Funct. Mater.. 1 % Nano Lett.), &3 5] 4000 439k, A H K+
N 36, HAT IMST #F)4% %8 (JCR —[X) & Angew Chem. Int. Ed..
ACS Nano & [E PRI T H AN . 2014 43R4 [ vt ta 1 1 5
4, 2016 SFFRAEE B GE T A AR R 2 K3 (GUnter Petzow Prize), 2016 £F N ik [H
FEET ZMHFET A&,

WMEME.

Self-propelled micro/nano-motors (MNM) are active matters that can convert energy from
their surroundings into kinetic force to propel themselves. MNM have been proven as powerful
tools that can accomplish a variety of on-demand tasks at small scales, leading to revolutionary
solutions to traditional strategies. MNM for biomedical purpose such active drug delivery
system should be biocompatible in terms of fabrication materials, as well as fuel providing the
energy to power their self-propulsion. Meanwhile, integration of multiple functions into a single
motor is highly demanded. Novel nanomaterials such as mesoporous silica have been proved
wide applications in virtue of unique structure and specific functions at small scale. Hereby, by
integration between novel nanomaterials, we successfully fabricated a series of MNM capable
of self-propulsion by consuming non-toxic fuel or by fuel free propulsion, and realizing
multiple functionalities. We also achieved reversible velocity control on the motors by
manipulating the enzymatic activity with inhibitors/re-activation molecules. Magnetic guidance
was utilized to control the motors’ movement direction, towards target locations. In addition to
magnetic and enzymatic control, we also utilized external field such as light to propel and
control the motion of the MNM by photocatalytic reactions. By combining with surface
enhanced Raman spectroscopy, we realized active and intelligent biochemical sensing with self-

propelled motors as well, giving new solution to the intelligent Raman analysis.



43R & 10: Colloidal Electronic Cells Based on 2D Materials
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MEME:

Graphene and other 2D materials possess desirable mechanical and functional properties
for incorporation into or onto novel colloidal particles, potentially granting them unique
electronic and optical functions. A here-to-fore unexplored property of 2D electronic materials
such as graphene, hexagonal boron nitride and MoS2 is the ability to build electronic circuits,
transistors, memory and sensors onto or into colloidal particles. Such particles can access local
hydrodynamics in fluids to impart mobility and can otherwise enter spaces inaccessible to larger
electronic systems. In this talk, I will present our recent work on the fabrication and application
2D materials-based colloidal electronic cells from two aspects: (1)We developed an
“autoperforation” technology providing a means of spontaneous assembly for colloidal
microparticles comprised of 2D molecular surfaces at scale. Such particles demonstrate
remarkable chemical, mechanical and thermal stability. They can function as aerosolizable
electronic tattoo capable of storing and transferring digital information, and recoverable
microprobes for sensing and recording chemical information in water and soil. (2) We further
demonstrated the design and fabrication of fully autonomous state machines built onto a SU-8
particle powered by a p-n heterojunction of MoS2 and WSe2 operating as a photodiode. These
colloidal state machines enable new functions, such as the detection and storage of information
after aerosolization and hydrodynamic propulsion to targets over 0.6 m away. The systems are
texted in a variety of constrained conduit environments and are also shown to enable large area
surface detection of triethylamine, ammonia and aerosolized soot in otherwise inaccessible
locations. Such two different types of synthetic electronic cells, enabled by 2D nanoelectronics,
may find widespread application as probes in confined environments such as the human
digestive tract, oil and gas conduits, chemical and biosynthetic reactors, and as autonomous
environmental sensors.
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$8IR & 12: Collective Behaviors of Micromotors
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MEME:

Lives ranging from microorganisms, insects, birds, fishes to mammals can interact with
one another and exhibit complex collective behaviors.1 Even though individuals have simple
behaviors or functions, flocks assembled from many individuals usually exhibit complex
population-level behaviors and functions.2 Researches have revealed that, besides the repulsion
and alignment rules, the most crucial rule that group members must follow is the attraction rule
(global or local attraction) to achieve flocking motions.3 Drawing inspiration from collective
behaviors in nature, creating artificial flocks of micro/nanomotors4-8 with navigable collective
motions may offer new opportunities to develop reconfigurable robots or programmable matter
for cooperative grasping, collective cargo transportation, and microfactories, etc., but it is of

great challenge nowadays.9-11

In this presentation, at first, we are to demonstrate the gathering of individual
micromootors by setting the attraction rules through external stimuli, including near infrared
light, AC electric field and magnetic field, and their light-navigated flocking behaviors by
utilizing their phototactic motions. The population-level behaviors, such as flock density, shape,
polarity and velocity, can be modulated dynamically by adjusting parameters of external stimuli,
and the corresponding mechanisms are uncovered by elucidating the local interactions between

the flocking members. Due to the versatility of external stimuli, the strategy developed in this



work has a broad applicability, and can realize the gathering and phototactic flocking of various
micromotors or active-passive particle system with different geometrical and material features.
Secondly, we will highlight the spontaneous gathering behaviors of isotropic micromotors and
their phototactic flocking behaviors in response to the self-secreted chemical signals. The
electrolyte and nonelctrolyte diffusiophoresis respectively governs the spontaneous gathering
and phototactic flocking of individual micromotors. Thanks to its phototactic flocking
behaviors and adaptive pattern transformation, the micromotor flock not only can move along
programmed paths, but also bypass local obstacles under light navigation. The results we are
about present may have far-reaching implications for the development of intelligent biomimetic
micro/nanomotors and their applications in micro/nanomachinery, cargo manipulation,

biomedicine and chemical sensing.



