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November 30" (Fri.), 2018

Nagoya Institute of Technology (NITech)
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Research Group on Biomimetics of The Society of Polymer Science (Japan)

Biomimetics Network Japan
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7th NaBIS Planning Committee

Chair : Hozumi, Atsushi (AIST)

Committee Members :

Hirai, Yuji (CIST)

ljiro, Kuniharu (Hokkaido University)
Kasuga, Toshihiro (NITech)

Maeda, Hirotaka (NITech)

Sato, Tomoya (AIST)

Shimomura, Masatsugu (CIST)
Urata, Chihiro (AIST)

Since 2012, Grant - in - Aid for Scientific Research on Innovative Areas (Leader: Prof. Masatsugu
Shimomura (Chitose Institute of Science and Technology)) has organized Nagoya Biomimetics
International Symposium (NaBIS) to provide the world community with opportunities to meet and
discuss most updated topics, in particular, surface/interface and materials, in engineering neo-
biomimetics. We have pleasure in announcing that the 6th NaBIS will be held in Nagoya on 30th
November 2018. We look forward to having the pleasure welcoming you to the 7th NaBIS.
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11:00-11:05 Opening Remarks
Prof. Masatsugu Shimomura (Chitose Institute of Science and Technology, Japan)

< Chair: Dr. Chihiro Urata, AIST, Japan>

11:05-11:45
Prof. Benjamin Hatton (University of TorontO, Canada) ............................................
Dynamic surface topographies to control wetting, adhesion and tribology

11:45-12:45 Lunch

< Chair:Dr. Tomoya Sato, AIST, Japan>

12:45-13:25
Prof. Sanghyuk Wooh (Chung-Ang University, KOrea) ««:-xoroerrreiem,
Supraparticle Syntheses on Liquid-Repellent Surfaces

13:25-13:55
Dr. Roland HOnes (A|ST, Japan) ..........................................................................
Regeneration of Superhydrophobic Surfaces by Chemical and Structural Surface
Renewal after Contamination or Mechanical Damage

13:55-14:35
Prof. Hyuneui Lim (K]MNL Korea) .........................................................................
Nature-inspired Water Harvestin

14:35-14:45 Break

< Chair: Dr. Roland Hones, AIST, Japan>

14:45-15:25
Prof. Pavel A. Levkin (Karlsruhe Institute of Technology, Germany) «««-«-coeeeevenenen.
Inherently Photodegradable Hydrogels

15:25-16:05
Prof. Haeshin Lee (KA|ST, Korea) .........................................................................
Polydopamine Coating and TANNylation

16:05-16:45
Prof_ Shu“ FUJII (Osaka |nstitute Of Technoiogy’ Japan) ............................................
Liquid marble: From nature to engineering
16:45-17:45
Poster session
17:45-17:50 Closing remarks
Dr. Atsushi Hozumi (AIST, Japan)
19:00-
Banquet
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November 30" (Fri.) 16:45-17:45

Adhesion Force of Cypris Tentacles on Polymer Brushes in Sea Water -+« -ovvvnens
S. Shiomoto® Y. Yamaguchi?, K. Yamaguchi®, Y. Nogata® and M. Kobayashi*®

(2 Graduate School of Engineering, Kogakuin University, ° Department of Applied
Chemistry, School of Advanced Engineering, Kogakuin University, ¢ Environmental
Science Research Laboratory, Central Research Institute of Electric Power Industry)

SEM Observation of the Micro-structures Produsing Structural Color of the Scales of
Blue Lycaenid Butterﬂy Species .........................................................................
S. Nomura

(Department of Zoology, National Museum of Nature and Science)

Thermal Annealing of Plant-derived Adhesive for Sealing of Macroscopic Damage of
CVD-grown Graphene .....................................................................................
Y. Leel, K. Jun?, I.-K. Oh?* and H. Leel*

(* Department of Chemistry, KAIST, 2 Department of Mechanical Engineering, KAIST)

Progressive Assembly of Melanin via Cation-pi Interaction -« -« ««vovovvereiiiinn,
Y. Wang?, S. Hong?* and H. Lee!*

(* Department of Chemistry, KAIST,

2 Department of Emerging Materials Science, KAIST)

The origin of adhesive force of small animals: Bio-inspired gloves for the QOL of
cancer patients ...............................................................................................
T. Hariyama?, S. Hirakawa?, C. Senoh? and K. Nakano®

(2 Hamamatsu Universtiy School of Medicine, P Teijin Frontier CO., LTD.)

Water droplet adsorption control on the microstructured rubber surface by stretching ---
S. Uemura*?, Y. Hirai?, Y. Matsuo®, T. Okamatsu¢, T. Arita® and M. Shimomura?@

(2 Chitose Institute of Science and Technology, ? RIES, Hokkaido University, ° R&D
Center, The Yokohama Rubber Co., Ltd., ¢ Institute of Multidisciplinary Research for
Advanced Materials, Tohoku University)

Influence of the surfaces with different hydroxyl group ratio on the settlement of

D ATNACIES « v+ v v vt ettt ittt e
A. Momose®, Y. Segawa?, T. Murosaki®, Y. Hirai?, Y. Nogata® and M. Shimomura?
(2 Chitose Institute of Science and Technology, P Asahikawa Medical University,

¢ Central Research Institute of Electric Power Industry)

A Facile Preparation of Initiator Layers for Surface-Initiated ATRP toward Formation of
P0|ymer Brushes on Real-Life SUDSIrateS -« rrrrrrrrrariririniiiiiiiiiiiiii e,
T. Sato, R. Hones, C. Urata and A. Hozumi*

( National Institute of Advanced Industrial Science and Technology (AIST))

Molecular weight effect of infusing oil on syneresis property of slippery lubricated gels
(SLUG5) .......................................................................................................
C. Urata, T. Sato, R. H6nes and A. Hozumi

( National Institute of Advanced Industrial Science and Technology (AIST))

Perceptions of stakeholders with different levels of knowledge of and experience in

D IOIMIMNELICS ++ v+ v v v e v ettt ittt ettt st a e s s s st a s a e s st a e e
R. Kohsaka*?, Y. Fujihira® and Y. Uchiyama?

( @ Tohoku University, ® Muroran Institute of Technology)
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Prof. Benjamin HATTON
Department of Materials Science and Engineering

Institute of Biomaterials and Biomedical Engineering
(IBBME)

University of Toronto, Toronto, Canada
E-mail: benjamin.hatton@utoronto.ca

e Telephone: +1 (416)978-5749
o Website: www.hattonlab.org
e Address: 184 College St., Wallberg Bldg 140, Toronto, ON, Canada M5S 3E4

Education & Academic Background

1995, B.Sc.Eng from Metallurgy and Materials Science, Queen’s University, Kingston, Canada

1998, Masters (MASc.Eng ) from Materials Science and Engineering at McMaster University, Hamilton, Canada,
thesis on “Flaw Tolerant Alumina/Zirconia Multilayered Composites”

1998-1999, National Institute for Materials Science (NIMS), Tsukuba, Japan. Visiting researcher in the Ceramics
Processing Lab of the Materials Engineering Laboratories (MEL).

2000-2005, Ph.D in Materials Science and Engineering, University of Toronto, Toronto, Canada, thesis on
“Mechanical and Dielectric Properties of Self-Assembled, Periodic Nanoporous Silica and Organosilica Materials”
2005-2006, National Institute for Materials Science (NIMS), Tsukuba, Japan. Postdoc in the Ceramics Processing
Lab of the Materials Engineering Laboratories (MEL).

2006-2007, Post-doctoral fellow at Bell Laboratories, Alcatel-Lucent, Murray Hill, NJ.

2007-2012, Technical fellow and Staff scientist at the Wyss Institute for Bio-inspired Engineering, and the School of
Engineering and Applied Sciences, Harvard University, Cambridge, MA.

2012-present, Associate Professor, Department of Materials Science and Engineering, University of Toronto,
Toronto, Canada.

Recent Publications

e W. Wang, J.V. Timonen, A. Carlson, D.-M. Drotlef, C.T. Zhang, S. Kolle, A. Grinthal, T.-S. Wong, B.D.
Hatton, S.H. Kang, S. Kennedy, J. Chi, R.T. Blough, M. Sitti, L. Mahadevan, J. Aizenberg, “Multifunctional
ferrofluid-infused surfaces with reconfigurable multiscale topography”, Nature 559(7712) (2018).

o T.Awad, D. Asker, B.D. Hatton, “Modification of stainless steel food processing surfaces to reduce bacterial
biofilm growth”, ACS Applied Materials and Interfaces 10(27), 22902—22912 (2018).

e C. Stewart, Y. Finer, B.D. Hatton, Drug self-assembly for synthesis of highly-loaded antimicrobial drug-silica
particles, Scientific Reports 8, 895 (2018).

o B.D. Hatton. “Antimicrobial coatings for metallic biomaterials”. Book chapter in: Wen C, editor. Surface
Coating and Modification of Metallic Biomaterials. Woodhead Publishing, p. 379-91, (2015).

e N. MacCallum, R. Friedlander, C. Howell, J. Lin, D. Sun, T. S. Wong, B. D. Hatton, P. Kim, J. Aizenberg,
“Oil-infused silicone tubing as a biomedical material that prevents bacterial accumulation” ACS Biomaterials
Science and Engineering 1, 43-51 (2015).

e D. C. Leslie, A. Waterhouse, J. B. Berthet, T. M. Valentin, A. L. Watters, A. Jain, P. Kim, B. D. Hatton, A.
Nedder, K. Mullen, E. H. Super, C. Howell, C. P. Johnson, T. Vu, S. Rifai, A. Hansen, M. Aizenberg, M. Super,
J. Aizenberg, D. E. Ingber, “A bioinspired omniphobic surface coating on medical devices prevents
thrombosis and biofouling” Nature Biotechnology 32, 1134-1140 (2014).

e N. Vogel, R. Belisle, B. D. Hatton, T. S. Wong, J. Aizenberg, “Fully transparent, omniphobic surfaces and
based on inverse colloidal monolayers”, Nature Communications 4, 2167 (2013).

e L. Mishchenko, J. Aizenberg, B.D. Hatton, “Spatial Control of Condensation and Freezing on
Superhydrophobic Surfaces with Hydrophilic Patches”, Advanced Functional Materials 23, 4577-4584
(2013).

o B. D. Hatton, I. Wheeldon, M. J. Hancock, M. Kolle, J. Aizenberg, D. E. Ingber, “An artificial vasculature for
adaptive thermal control of windows”, Solar Energy Materials and Solar Cells 117, 429-436 (2013).

e T.S.Wong, S. H. Kang, S. K. Y. Tang, E. J. Smythe, B. D. Hatton, A. Grinthal, J. Aizenberg, “Bioinspired
self-repairing slippery surfaces with pressure-stable omniphobicity”, Nature 477, 443-447 (2011).

e B. D. Hatton, J. Aizenberg, “Writing on Superhydrophobic Nanopost Arrays — Topological Control for
Bottom-up Assembly”, Nano Letters (2012) 12, 4551-4557.

o B. D. Hatton, L. Mishchenko, S. Davis, K. Sandhage, J. Aizenberg, “Assembly of large-area, highly ordered,
crack-free inverse opal films”, Proc. National Acad. Sciences (2010) 107 (23), 10354-9.
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Dynamic surface topographies to control wetting, adhesion and
tribology

Kurtis Laqua?®, Ben Hatton®

“Department of Materials Science and Engineering,
®Institute of Biomaterials and Biomedical Engineering,

University of Toronto, Toronto, Ontario, Canada
E-mail:benjamin.hatton@utoronto.ca

Soft robotics involves the use of soft materials (typically elastomers) instead of the combination
of rigid elements and multiple flexible joints found in conventional robots '~*. Also, soft robots use
actuation based on electroactive polymers, pneumatic or hydrostatic pressure, acting along a distributed
network of channels and volumes, to give a wide and continuous range of conformational form . In
principle, these can have an infinite number of degrees of freedom, allowing complex bending,
extension and twisting movements. While there has been great interest in the design and actuation of
soft robotic /imbs, and at the macroscale, there has been very limited application of these principles for
actuation of surface structures, and at small (nano and micro) length scales.

Nature has many vertebrate and invertebrate examples of mobile soft material structures. Worms
and sea anemones use a ‘hydrostatic skeleton’ of cylindrical, fluid-filled cavities surrounded by a
muscular wall, reinforced with connective tissue. Force transmission is generated by pressure in the
enclosed fluid. Alternatively, ‘muscular hydrostats’ are found in octopus tentacles, mammal tongues,
and elephant trunks, where a musculature generates both the force and provides skeletal support .

The octopus provides an incredible example of multi-scale, hierarchical actuation >*!°. In
addition to macroscale movement of the tentacle limbs for locomotion and gripping, octopus skin can
rapidly change its roughness and topography at length scales from 10¢ to 102 m (usually for
camouflage), and independently actuate suckers to control local adhesion to surfaces. Starfish use a
periodic adhesion and detachment of topographic features (tube feet) for locomotion '!.

To date there have been designs for multiscale actuation of surface topographies, to
deterministically control surface adhesion, friction and locomotion. Examples in the soft robotics
literature are limited to macroscale movement of whole limbs, such as grippers ' or gecko-inspired feet
13, The main advantages of controllable surface microtopography actuation are the dynamic control of
interfacial adhesion, friction and interfacial locomotion, as demonstrated by octopi and starfish.

In this talk I will present some of our recent results for the design of dynamic, programmable
surface topographies that consist of moveable arrays of micropost and groove features. We have
investigated changes in surface wettability (wetting state), surface adhesion and friction as a function
of the surface topography control.

Figure 1. Dynamic movement of 200 pm post arrays molded in PDMS silicone.
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Dr. Sanghyuk Wooh, Assistant Prof.

School of Chemical Engineering and Materials Science

Chung-Ang University

E-mail: woohsh@cau.ac.kr

Telephone: +82 (0)2-820-5401
Address: 84 Heukseok-ro, Dongjak-gu, Seoul, 06974, Korea

Education & Academic Background

2005 Graduated from School of Chemical and Biological Engineering, Seoul National University, Korea

2008 Master of Engineering, School of Chemical and Biological Engineering, Seoul National University, Korea
2013 Doctor of Engineering, School of Chemical and Biological Engineering, Seoul National University, Korea
2014-2017.03 Postdoctoral Researcher, Department of Physics at Interfaces, Max Planck Institute for Polymer
Research, Germany

2017.04-2017.08 Group Leader, Department of Physics at Interfaces, Max Planck Institute for Polymer Research,
Germany

2017.09- Assistant Professor, School of Chemical Engineering and Materials Science, Chung-Ang University

Recent Publications

N. Gao, F. Geyer, D. W. Pilat, S. Wooh, D. Volimer, H.-J. Butt, R. Berger, “How Drops Start Sliding Over
Solid Surfaces,” Nature Physics, 14, 191-196 (2018).

J. T. Pham, M. Paven, S. Wooh, T. Kajiya, H.-J. Butt, D. Vollmer, “Spontaneous Jumping, Bouncing and
Trampolining of Hydrogel Drops on a Heated Plate,” Nature Communications, 8, 905 (2017).

S. Wooh and H.-J. Butt, “Photocatalytically Active Lubricant Impregnated Surface,” Angewandte Chemie
International Edition, 56, 4965-4969 (2017).

S. Wooh, N. Encinas, D. Vollmer, H.-J. Butt, “Stable Hydrophobic Metal-Oxide Photocatalysts via Grafting
Polydimethylsiloxane Brush,” Advanced Materials, 29, 1604637 (2017).

T. Sekido, S. Wooh,* R. Fuchs, M. Kappl, Y. Nakamura, H.-J. Butt, S. Fujii, “Controlling the Structure of
Supraballs by pH-Responsive Particle Assembly,” Langmuir, 33, 1995-2002 (2017).

T. Kajiya, S. Wooh, Y. Lee, K. Char, D. Vollimer, H.-J. Butt, “Cylindrical Chains of Water Drops Condensing
on Microstructured Lubricant-Infused Surfaces,” Soft Matter, 12, 9377-9382 (2016).

S. Wooh, S. Lee, Y. Lee, J.-h. Ryu, W. B. Lee, H. Yoon, K. Char, “Isolated Mesoporous Microstructures
Prepared by Stress Localization-Induced Crack Manipulation,” ACS Nano, 10, 9259-9266 (2016).

S. Wooh and D. Vollmer, “Silicone Brushes: Omniphobic Surfaces with Low Sliding Angles,” Angewandte
Chemie International Edition, 55, 6822-6824 (2016).

S. Wooh, H. Huesmann, M. N. Tahir, M. Paven, K. Wichmann, D. Volimer, W. Tremel, P. Papadopoulos, H.-J.
Butt, “Synthesis of Mesoporous Supraparticles on Superamphiphobic Surfaces,” Advanced Materials, 27,
7338-7343 (2015).

S. Wooh, T.-Y. Kim, D. Song, Y.-G. Lee, T. K. Lee, V. W. Bergmann, S. A. L. Weber, J. Bisquert, Y. S. Kang, K.
Char, “Surface Modification of TiO2 Photoanodes with Fluorinated Self-Assembled Monolayers for Highly
Efficient Dye-Sensitized Solar Cells,” ACS Applied Materials & Interfaces, 7, 25741-25747 (2015).

S. Wooh, J. H. Koh, S. Lee, H. Yoon, K. Char, “Trilevel-Structured Superhydrophobic Pillar Arrays with
Tunable Optical Functions,” Advanced Functional Materials, 24,5550-5559 (2014).
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Supraparticle Syntheses on Liquid-Repellent Surfaces

Sanghyuk Wooh*? Minghan Hu®, Huanshu Tan®, Syuji Fujii¢, Detlef Lohse®,
Hans-Jiirgen Butt®

®School of Chemical Engineering and Materials Science, Chung-Ang University,
Seoul, Korea
®Max Planck Institute for Polymer Research, Mainz, Germany
¢ University of Twente, Netherlands
4 Osaka Institute of Technology

E-mail:woohsh@cau.ac.kr

Supraparticles assembled with smaller size particles have been received
numerous attention for applying their various functionalities. Untill now most
supraparticles have been synthesized spherically and difficult to control shape.
Even though supraparticles have great functionalities and potentials, this limited
shape has been one of the serious weak-point of supraparticle researches.
Recently we have developed a strategy to synthesize spherical supraparticles on
the superamphiphobic surface with various sizes and components[1]. Thanks to
the strong liquid repelling property of superamphiphobic surface[2], spherical
supraparticles could be formed by drying of nanoparticle dispersion with constant
contact angle (> 1600). In addition, during the process, no energy consumption
and wasting chemicals were applied. In this study, we introduce a method to
synthesize supraparticles and to control their shapes and porosities[3]. In addition,
drying dispersion drop by using Ouzo effect will be introduced that allows
supraparticle synthesis on normal flat hydrophobic surface by self-lubricating
colloidal dispersion evaporation.

Figure. Supraparticle syntheses on liquid-repellent surfaces.
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[1] S. Wooh, H. Huesmann, M. N. Tahir, M. Paven, K. Wichmann, D. Vollmer, W.
Tremel, P. Papadopoulos, H.-J. Butt, Adv. Mater. 2017, 27, 7338.
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Recent Publications

o R. Hdnes, J. Ruhe: “Repairing Superhydrophobic Surfaces after Contamination through Generation of
Fluorinated Networks by CHic Chemistry”, Langmuir 2018, 34, 8661-8669.

e R. Hdnes, J. Ruhe: “Nickel Nanoflowers” with Surface-Attached Fluoropolymer Networks by C,H Insertion
for the Generation of Superhydrophobic Metallic Surfaces”, Langmuir 2018, 34, 5342-5351.

e R. Hoénes, V. Kondrashov, J. Rihe: “Molting materials: Restoring Superhydrophobicity after Severe Damage
via Snakeskin-like Shedding”, Langmuir 2017, 33, 4833—4839.

e R. Hdnes, V. Kondrashov, H. Huai, J. Rihe: “Wetting Transitions in Polymer Nanograsses Generated by
Nanoimprinting”, Macromol. Chem. Phys. 2017, 218, 1700056.
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Regeneration of Superhydrophobic Surfaces by Chemical and
Structural Surface Renewal after Contamination or Mechanical
Damage

Roland Hones?, and Jiirgen Riihe®

“National Institute of Advanced Industrial Science and Technology (AIST),
226698, Anagahora, Shimoshidami, Moriyama-ku, Nagoya 463—8560, Japan,
®Department of Microsystems Engineering, University of Freiburg,
Georges-Kohler-Allee 103, 79100 Freiburg, Germany

E-mail: roland.hoenes(@aist.go.jp

By definition, superhydrophobic surfaces (SHS) show extreme water repellency.
Therefore, they are most interesting for numerous applications, ranging from rain
clothes to ship paintings. Unfortunately though, most SHS so far suffer from
insufficient stability under operating conditions, which has limited commercial
use.

In this work, fundamental aspects of this lack of stability are investigated:
mechanical durability, longevity of the Cassie—Baxter-like wetting state, and
resistance against contamination. New methods to improve performance with
respect to all three aspects are presented. For regeneration after mechanical
damage, snake-like skin shedding is introduced. To obtain both high mechanical
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durability and lasting superhydrophobicity, nanostructured nickel surfaces are
developed. To regenerate superhydrophobic behaviour after contamination,
masking with ultrathin polymer films is employed.

This work was conducted at the Department of Microsystems Engineering,
University of Freiburg, Germany as a PhD thesis under supervision of
Prof. Dr. Jiirgen Riihe.

Published as book: R. Hones, ,,Regenerierung superhydrophober Oberflichen
durch chemische und strukturelle Oberflichenerneuerung nach Kontamination
oder mechanischer Schiadigung®, Verlag Dr. Hut, Miinchen, 2018, ISBN 978-
3843935548.
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1997-2001Researcher, Basic Science Institute, Korea University, Seoul, Korea
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Recent Publications

o Thanh-Binh Nguyen, Seungchul Park, Youngdo Jung, Hyuneui Lim*, “Effects of hydrophobicity and lubricant
characteristics on anti-icing performance of slippery lubricant-infused porous surfaces”, Journal of Industrial
and Engineering Chemistry, in-press (2018).

o Kyungjun Song, Gyeonghee Kim, Sunjong Oh, Hyuneui Lim*, “Enhanced water collection through a periodic
array of tiny holes in dropwise condensation”, Applied Physics Letters, 112, 071602 (2018).

e Cheonji Lee, Muhammad Salman Abbasi, Seungchul Park, Hyuneui Lim*, Jinkee Lee*, “Effect of the
surface wettability changes on nanostructured polymer film for heat exchanger applications”, Applied
Physics Letters, 113, 011601 (2018).

¢ Hosung Kang, Minki Lee, Hyuneui Lim, Howard A Stone, Jinkee Lee*, “Hygromorphic actuator from a metal
oxide film driven by a nano-capillary forest structure”, NPG Asia Materials, 9, e417 (2017).

e Sunjong Oh, Youngdo Jung, Duck-Gyu Lee, Wan-Doo Kim, Hyuneui Lim* “Simple Method for Stable
Superhydrophilic Aluminum Surface Towards Water Harvesting” Nanoscience and Nanotechnology Letters,
8, 840-845, (2016).

e Sunjong Oh, Kyungjun Song, Jedo Kim, Wan-Doo Kim, Hyuneui Lim*, “Bio-Inspired Porous Aluminum
Surfaces for Enhanced Water Collection”, Nanoscience and Nanotechnology Letters, 8, 802-810, (2016).
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Nature-inspired Water Harvesting
Hyuneui Lim

Department of Nature-Inspired Nanoconvergence Systems,
Nano Convergence and Manufacturing Systems Research Division,
Korea Institute of Machinery & Materials

156 Gajeongbuk-Ro, Yuseong-gu, Daejeon, 34103 KOREA,
E-mail: helim@kimm.re.kr

Even though the repellent ability of a lotus leaf shows the amazing behavior with rain
drops or water drops, the behavior of water droplet with small volume on a lotus leaf is
still unknown. The contact angle on a lotus leaf is over than 150° and the sliding angle is
less than 5° with water drop of several microliter volumes. However, is the lotus leaf wet
under the condensation? Water condensation behaviors on superhydrophobic surfaces
are the interesting phenomena. Condensation occurs when a saturated or superheated
vapor meets with a surface that has a temperature below the saturation temperature. The
behavior of water condensation is the interaction of the small droplets with the surfaces.
If the water condensation is controlled with surface engineering, there are many
opportunities for enhanced energy conversion, efficient water collection. Here, the effect
of surface wettability on water condensation is presented with several cases.

Figure 1. Basic water collection mechanism for perforated hydrophobic surfaces with a
contact angle of 85can be explained by different surface free energies E, and Ej, which
represent the surface free energy of droplets in contact with a flat solid surface and those
in contact with holes, respectively.
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Chemistry; 2014, ERC Starting Grant

Recent Publications

o High-Density Droplet Microarray of Individually Addressable Electrochemical Cells
H. Zhang, T. Oellers, W. Feng, T. Abdulazim, E.N. Saw, A. Ludwig, P.A. Levkin, N. Plumeré
Analytical Chemistry, 2017, 89, 5832-5839

e Miniaturized platforms for high-throughput screening of stem cells
Tina Tronser, Anna Popova, Pavel Levkin
Current Opinion in Biotechnology, 2017, 46, 141-149

o UV-Triggered Polymerization, Deposition and Patterning of Plant Phenolic Compounds
Farid Behboodi-Sadabad, Huijie Zhang, Vanessa Trouillet, Alexander Welle, Nicolas Plumeré, Pavel A.
Levkin
Advanced Functional Materials, 2017, 27, 1700127

o Patterned SLIPS for the Formation of Arrays of Biofilm Microclusters with Defined Geometries
Julia Bruchmann, Ivana Pini, Tejeshwar S. Gill, Thomas Schwartz, Pavel A. Levkin
Adv. Healthcare Mater., 2017, 6, 1601082

e Bio-inspired strategy for controlled dopamine polymerization in basic solutions
X Du, L Li, F Behboodi-Sadabad, A Welle, J Li, S Heissler, H Zhang, N. Plumere, P.A. Levkin
Polymer Chemistry, 2017, 8, 2145-2151

e UV-Induced Disulfide Formationand Reduction for Dynamic Photopatterning
Lei Li, Wenqgian Feng, Alexander Welle, Pavel A. Levkin
Angewandte Chemie Int. Ed., 2016, 128, 13969-13973

e  Superhydrophilic-Superhydrophobic Patterned Surfaces as High-density Cell Microarrays: Optimization of
Reverse Transfection
Erica Ueda, Wengian Feng, Pavel A. Levkin
Advanced Healthcare Materials, 2016, 5, 2646-2654
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Inherently Photodegradable Hydrogels

Lei Li, Johannes Scheiger, Pavel A. Levkin*

Institute of Toxicology and Genetics, Institute of Organic Chemistry,

Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
levkin@kit.edu; www.levkingroup.com

Hydrogels mimicking physical properties of soft tissues and cell
microenvironments are very important functional materials useful for three-
dimensional (3D) cell culture, tissue engineering, 3D printing, drug-delivery,
sensors or soft-robotics. The ability to shape hydrogels into defined three-
dimensional structures, patterns or particles is crucial for various biomedical
applications. In this presentation | will demonstrate the inherent and fast
photodegradability of various types of commonly used polymethacrylate-based
biocompatible hydrogels. The photodegradation kinetics and the change of
mechanical properties of hydrogels upon UV-irradiation have been investigated.
We demonstrate the possibility to use this approach for microstructuring and
patterning hydrogels as well as for the formation of hydrogel particles of defined
shapes without incorporating any special photosensitive groups. This method was
applied to create an array of cell repellent but biocompatible microwells on the
surface of a hydrogel film to form arrays of three-dimensional cellular clusters.

Figure. Microfabrication based on the photolithography of photodegradable hydrogels. Hydrogel microarrays
and microcavities of different geometries were fabricated via UV irradiation of PEG500MA-EDMA-10
hydrogels through corresponding quartz photomasks. (A) Optical images of arrays of hydrogel posts. Scale bars
are 2 mm. (B) Fluorescence microscopy images of two opposite hydrogel patterns (top panel) and their 3D
shapes by confocal microscopy (bottom panel). Scale bars are 500 um. (C) Free standing hydrogel particles of
defined geometries made by patterning of hydrogels without covalent bonding of the hydrogel layer to the glass
substrate. Scale bars are 1 mm. (D) Brightfield microscope images of 12.5 pm-thin PEG500MA-EDMA-10
hydrogel patterns with lines of different widths. The smallest features that could be produced by using this
method were ~20 pm.
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¢ “Targeting protein and peptide therapeutics to the heart via tannic acid modification”
Nature Biomed. Eng. 2018, online, https://doi.org/10.1038/s41551-018-0227-9

s “Complete prevention of blood loss with self-sealing hemostatic needles”
Nature Materials 2017, 16, 147-152

% “Intelligent Glues” Nature, 2010, 465, 298-299,631.
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426-430.
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Polydopamine Coating and TANNylation
Haeshin Lee'*

'Department of Chemistry, Korea Advanced Institute of Science and Technology (KAIST), Daejeon,
South Korea

*Corresponding author: haeshin@kaist.ac.kr

Catecholamines are found ubiquitously in nature. Wetting-resistant, adhesive foot-pads in
mussels, neurotransmitters in the brain, melanin biopigments in the skin and eyes, squid beaks, and
insect cuticles are the examples. In materials science, catecholamines have recently attracted significant
attentions due to the unparalleled material-independent surface functionalization properties. The most
well-known material is poly(dopamine) and other derivatives such as poly(norepinephrine), chitosan-

catechol and others will be introduced (1,2).

The first of my talk will introduce a new concept of self-sealing which is similar yet different
with conventional self-healing materials. The first example is vascular self-sealing with rapid binding
of intrinsic blood serum proteins to adhesive chitosan-catechol conjugate (3). The second example is
plant-inspired nanoparticle formulation called TANNylation. In this study, we show that the
modification of protein and peptide therapeutics with tannic acid—a flavonoid found in plants that
adheres to extracellular matrices, elastins and collagens—improves their ability to specifically target
heart tissue. Via a simple intravenous injection route, now one can easily delivery protein/peptide
therapeutics directly to heart tissues (4). Finally, biomedical applications using polydopamine surface
chemistry focusing on mammalian/stem cell culture and theranostic applications will be briefly

explained in this talk.

References

[1] H. Lee et al. Mussel-inspired Surface Chemistry for Multifunctional Coatings. Science, 318, (2007)
426-430.

[2] J. Ryu, P. B. Messersmith, H. Lee, Ten years of polydopamine: current status and future directions,
ACS Appl. Mater. Interf. 10, (2018), 7521-22

[3] H. Lee et al. Complete prevention of blood loss with self-sealing hemostatic needle. Nature
Materials. 16, (2017), 147-152

[4] H. Lee et al. Targeting protein and peptide therapeutics to the heart via tannic acid modification.
Nature Biomed. Eng. 2, (2018), 304-317
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Liquid marble: From nature to engineering
Syuji Fujii

Department of Applied Chemistry, Faculty of Engineering, Osaka Institute of Technology, Osaka, Japan
syuji.fujii@oit.ac.jp

Controlling and powering the locomotion of small objects on the micrometer to millimeter scale is a fascinating
topic of research. Interfacial chemistry and external stimuli play a crucial role in powering the movement of small
objects. This interest stimulated the development of a new research area, namely, active soft matter. In particular,
Marangoni flow, generated due to a surface tension gradient, can lead to powerful propulsion of objects. Recently,
light-induced surface tension gradients have been proven to produce powerful propulsion forces to move small
objects.) The main goal of this philosophy is to bring together transport and the on-demand release of materials.
Liquid marbles (LMs)? are typically millimeter-sized liquid drops in air that are stabilized by solid powders
adsorbed at the air-liquid interface. In nature, aphids, small sap-sucking insects, fabricate honeydew liquid marbles
utilizing wax particles and treat the sticky liquid as non-wetting materials.¥ Recently, LMs have attracted
considerable attention in view of their potential applications in various research fields because of their ability to
encapsulate functional materials.

Here, we describe the light-driven delivery of materials using LMs.*” Individual LMs were prepared by rolling
an aqueous drop over the black hydrophobic polypyrrole (PPy) powders with photothermal property. Once
transferred onto the planar air-water interface of a water bath, the LMs remained intact for more than 10 h. To make
the LMs move on the air-water interface on demand,
the contact line formed by the LM resting on at the air
water interface was manually irradiated by the
near-infrared (NIR) laser. The LMs immediately
moved forward on the air-water interface, away from
the point of irradiation.  Thermography studies
suggests that the NIR laser irradiation on LM causes
heat. In contrast to the bulk water, water near the LM
had a higher temperature. This temperature difference
leads to a surface tension difference of approximately 2
mN/m at the irradiated side of the LM. This surface
tension difference drives the locomotion of the LM. As
a light source, sunlight can be also utilized. Our
approach allows for not only the transport of the
materials encapsulated within the LM but also their
release at a specific place and at a time determined by
external stimuli (Figure 1). In addition, LMs were
shown to work as light-driven towing engines. For this

purpose, LMs were docked to small floating objects by Figure 1. (a) Scheme illustrating the light-driven delivery of

material using liquid marbles (LMs). LMs can be moved on

capillary forces. Irradiation of docked LMs allowed for
the pushing or pulling of these objects over the
air-water interface. The simplicity and variety of these
LM stabilizers and light sources will enable in-depth
synergistic experimental and theoretical investigations
geared toward the understanding and utilization of a
new class of delivery and release system. In the future,
a wide variety of applications can be explored,
including light-controlled microfluidics and drug
delivery systems.

References:

the planar air-water interface and a stimuli-induced disruption
of the LM releases its inner material. NIR laser irradiation of
LMs stabilized with black powder converts light into heat,
generating a thermal surface tension gradient. This results in
locomotion of the LM on the air-water interface. (b) Scanning
electron microscopy image of hydrophobic PPy powder. (c)
Stereomicrograph images of a PPy-stabilized LM (10 pl)
placed on a glass substrate. Digital images illustrating (d)
locomotion of a PPy-stabilized LM on the air-water interface
and (e) its on-demand disruption of a LM by external stimulus.
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Adhesion Force of Cypris Tentacles on Polymer Brushes
in Sea Water

Shohei Shiomoto?, Yuka Yamaguchi?, Kazuo Yamaguchi®, Yasuyuki Nogata®,
and Motoyasu Kobayashi*®

 Graduate School of Engineering, Kogakuin University,
® Department of Applied Chemistry, School of Advanced Engineering, Kogakuin University,
Tokyo, Japan, E-mail: motokoba@cc.kogakuin.ac.jp
¢ Environmental Science Research Laboratory, Central Research Institute of Electric Power
Industry, Chiba, Japan

The adhesion force of the live-cypris tentacle on polymer brushes grafted on a
glass surface was directly measured by scanning probe microscopy. A live cypris was
immobilized with glue on a tipless cantilever of the scanning probe microscope. The
cypris positioned in front of the sidewall of the polymer-brushes-modified cover glass
in sea water. Then, the cypris larva began tentatively touching the cover glass with its
tentacles to explore the surface. After the cypris tentacle contacted the surface of
polymer brush for a few seconds, we moved the cypris away from the surface until the
tentacles were released. When the tentacle was detached from the glass surface, the
cantilever was twisted in accordance with the adhesion force between the tentacles and
the surface. The adhesion forces between the cypris and polymer brushes: poly(3-(N-2-
methacryloyloxyethyl-N,N-dimethyl)ammonatopropanesulfonate) (poly(MAPS)) brush
and poly(2-hydroxyethyl methacrylate) (poly(HEMA)) brush exhibited much lower
values than the adhesion force on a propylsilane-modified glass surface. The lower
adhesion forces on the polymer brushes indicats the effective antifouling property of
hydrophilic polymer brushes.
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SEM Observation of the Micro-structures Produsing
Structural Color of the Scales of Blue
Lycaenid Butterfly Species

Shihei Nomura

“Department of Zoology, National Museum of Nature and Science,
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Observations and biometries of microstructures of functional part of insects are very
important from the viewpoint of biomimetics. Scanning electron microscope (SEM)
realized objective comparison between these microstructures to 0.1 to 0.01 pm.
lycaenid butterflies are well known to have blueish structural color in many forms (sex,
season, locality, etc.). The structural color is prodused by photonic crystals contained in
structural color scales. In the present study, photonic crystals of 12 forms of 11
lycaenid species were SEM observed and compared to each other. In some species, the
photonic crystals are SEM observed for the first time. The examined butterfly forms,
scientific name of species (Japanese name) —color of structural color scale, are as
follows: A) Zizeeria maha (Yamato-shijimi) -pale blue; B) Everes argiades (Tsubeme-
shijimi) -pale purple; C) Plebejus argus (Hime-shijimi) -pale purple; D) Celastrina
argiolus (Ruri-shijimi) -pale blue; E) Udara albocaerulea (Satsuma-shijimi) -pale blue,
white, black; F) Shijimiaeoides divinus (Ohruri-shijimi) -pale purple; G) Lampides
boeticus (Uranami-shijimi) —purple; H) Nacaduba kurava (Amami-uranami-shijimi) -
dark purple; 1) Chilades pandava (Kuromadara-sotetsu-shijimi) -pale purple; J)
Narathura japonica (Murasaki-shijimi; male) -dark blue ; K) ditto (female) — blue; L)
Callophrys rubi (Midori-kotsubame) -mat green. As the result of observation, the
following three were pointed: 1) the photonic crystal of lycaenid butterflies which
presents structural color is contained in the upper scale, and porous, 2) The size and
regularity of the pores in the photonic crystal are varied by species, 3) The basal scale
1s pigmented to black to brown in general.
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Figure 1. SEM images of the structural color
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each species (A to J) is shown in the abstract.
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Thermal Annealing of Plant-derived Adhesive for Sealing of Macroscopic
Damage of CVD-grown Graphene
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Plant phenolic compounds have been getting attention recently in material science. Their
inherent adhesive property have been inspiring many attempts for adhesives and surface coatings. Here,
we applied the plant-derived adhesive as a precursor for carbon sealant. Combination of pyrogallol (PG)
and polyethyleneimine (PEI), which mimic the browning chemistry in fruits, generates adhesive film
within 2 minutes with aid of atmospheric oxygen (Adv. Mater. 2016, 28, 9961-9968). This PG/PEI layer
can be further converted to carbonous sealing material by thermal annealing process at 1000C]. We
applied the carbon sealant to seal macroscopic damage in graphene which is inevitable during
engineering process and thus hinder transfer process of it. By using this carbon sealant, we can seal the
fragments of graphene, so that the sealed graphene can be transferred to substrate of interest successfully.

This shows that our approach could shed new way to realization of graphene application in electronics.

Figure 1. (A) Chemical structure of pyrogallol and polyethyleneimine. (B) Thermal annealing process
of PG/PEI coating. (C) Physical sealing of damaged graphene by annealed PG/PEI sealant.
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Progressive Assembly of Melanin via Cation-pi Interaction
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Abstract

Assembly is the process of gathering monomeric units together through a variety of
noncovalent interactions such as hydrogen bond, van der Waals interaction, pi-pi stacking, hydrophobic
interaction, and electrostatic interaction. In biology, the assemblies of molecules are essential for
biological functions. Chromosomes are constructed from DNA and histone self-assembly, and protein
quaternary structures self-assemble from monomeric proteins. These assembly processes are
structurally defined and predictable by understanding the chemical structure of each building block and
their interactions. In constrast, biopigment (i.e., melanin) assembly is an unpredictable process because
heterogeneous derivatives are consequently produced via the catecholamine oxidation.

In this study, we demonstrated that the cation-pi interaction is mainly contributed to the
progressive assembly of melanin by changing the species of cations (e.g. R-NH;3", Na*, K', and NR4"),
which can affect the formation of artificial melanin called polydopamine. Cation-pi interaction is one
kind of electrostatic interactions between electron-rich pi system (quadruple) and cation (monopole).
Through the oxidation process, the artificial melanin includes both electron-rich building blocks with
dihydroxyindole groups and cationic building blocks with protonated amine groups. The deprotonation
of amine groups causes the disassembly of melanin in the strong alkaline condition. However, the
addition of other cations (K" and NR4") triggers the re-assembly of melanin in the same strong alkaline
condition.

Figure 1. Schematic description for cation-pi interactions in artificial melanin assembly
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Bio-inspired gloves for the QOL of cancer patients

Takahiko Hariyama?, Satoshi Hirakawa?®, Chiyo Senoh? and Kiho Nakano®

*Hamamatsu Universtiy School of Medicine, Handayama, Higashiku, Hamamatsu,
431-3192
®Teijin Frontier CO., LTD., Nakanoshima, Kitaku, Ohsakashi, 530-8605

E-mail:hariyama@hama-med.ac.jp

Legs of geckos and insects have very high adhesiveness. Its adhesion is due to the
accumulation of Van der Waals forces caused by the fact of dense hairs called seta
(bristle) of which tips are um size. The bonding area is maximized by those fine
structures observed by NanoSuit® method. Searching by information technique for an
image of an artificial object similar to the gecko seta structure reached the fabric
“NANOFRONT®”, therefore high adhesion of the fabric was predicted. Meanwhile, the
patients who had a change in fingerprints caused by cancer medication therapy have a
problem of deterioration in the quality of life (QOL) at Hamamatsu University School
of Medicine. Because fingerprints are one of the important forms of skin that governs
the function of grasping objects, those patients fail to grab things, various restrictions
occur in their daily life. In order to improve their QOL, gloves were developed that
make use of the NANOFRONT® cloth inspired by the foot hairs of small animals. We
examined the range of the fingerprint structure of the human hand and how to move the
fingers and decided the area occupied by the NANOFRONT® cloth inside the glove.
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There are a lot of functional surfaces in nature, for example, superhydrophobic
surface of lotus leaves. There have been various artificial superhydrophobic surfaces
have been reported, those have been built on brittle and breakable material’s surface. In
this study, we have focused on durable hydrophobic material of a vulcanized rubber,
and attempted to fabricate durable superhydrophobic rubber surfaces. An unvulcanized
rubber sheet containing carbon black, sulfur, and so on, was placed on single crystalline
silicon (Si) molds, which has hollow structures prepared by conventional photo-
lithographical techniques. The unvulcanized rubber sheet was pressed at 5 MPa and
heated 180°C for 10 min to vulcanize the rubber. According to the surface observation
by a laser microscope, the rubber surface had fine spiky structure, which are inverse
structures of the Si mold hollow. The spiky rubber surface showed superhydrophobicity,
and water contact angle(WCA) was 156°. When water droplets were dropped to the
spiky rubber surfaces, water droplets were bounced or partially adhered on the surface
depending on the amount of water droplet (Figure 1). Also, water droplet adsorption
control by stretching will be reported on the poster presentation.

0 5 Timesl(g“) 5 20 About Corresponding Author:

Shun Uemura
Graduate School of Photonics Science,
Chitose Institute of Science and Tchnology
E-mail: m2180030@photon.chitose.ac.jp
Telephone: +81 (0)123-27-6068
Fax: +81 (0)123-27-6068
. . Address: 758-65 Bibi, Chitose, Hokkaido, 066-8655, Japan
Figure 1 (a) Continuous photographs

during dropping water droplets to the
microstructured spiky rubber surfaces.
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Influence of the surfaces with different hydroxyl group ratio
on the settlement of barnacles
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A barnacle (Fig. 1) is one of the marine sessile
organism, and they cause serious fouling problems
by adhesion to marine substrates such as ship hulls,
fish net and water intakes. To prevent the adhesion
of barnacles, tributyltin (TBT) based antifouling
paints had been used. However, TBT has banned Fig. 1 (a) Stereomicroscopic image of
because of their high toxicity to marine organisms. a cypris larva of a barnacle, (b) a
Therefore, development of antifouling materials Photographs of an adult barnacle.
without toxicity will be required)?. In this study, we investigated the barnacle
settlements on the surfaces with different OH group ratio of mixed Self-assembled
monolayer (SAM). SAM was prepared using two thiol reagents having OH or CH 3 group
at the terminal. Fig. 2 shows the relationship between the settlement rates of barnacles
after 5 days of treatment and the water contact angles of each mixed SAM substrates.
The water contact angle varies according to mixing ratio of OH group. In addition, when
OH group ratio was 80% or more, the settlement of barnacles on the mixed SAM
substrate was few. Furthermore, when OH group ratio was 60% or less, the settlement of
barnacles was almost constant rate, which was almost the same as in the case of only the
CHs group. From these results, it was suggested that over 80% OH group modified
surfaces have a possibility of preventing settlement of barnacles.
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water contact angles on the mixed
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surface was used as control).
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A Facile Preparation of Initiator Layers
for Surface-Initiated ATRP toward Formation
of Polymer Brushes on Real-Life Substrates
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Surface modification of substrates by grafting of polymers has attracted much
attention from both basic and industrial research fields because of its potential. Among
the various grafting methods, surface-initiated atom transfer radical polymerization (SI-
ATRP) from anchored surface initiator is one of the most promising/practical
techniques to fabricate well-defined “polymer brushes” on various substrates.
Unfortunately, however, development of the initiator layers has been essentially
ignored so far, meaning that large-scale fabrication of initiator surfaces is the limiting
factor in the application of polymer brushes in real life.

Here, we rep ort for the first time a facile and quick preparation of large-scale
(~40 m?) initiator layers for SI-ATRP using a simple sol-gel solution of halogenated-
organosilane and tetraalkoxysilane (Figure). Highly smooth, homogeneous and
transparent initiator layers were formed on various inorganic/organic substrates via a
spin-, bar- or roll-to-roll coating processes under ambient conditions. Combining the
advantages of this sol-gel approach and subsequent SI-ATRP in air using a variety of
monomers, we have succeeded in the formation of polymer brushes on extremely large-
scale real-life substrates (i.e. 40 x 40 cm?®) under ambient conditions without any
complicated apparatus or harsh reaction conditions.
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Molecular weight effect of infusing oil on syneresis property of
slippery lubricated gels (SLUGsS)
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Functional coatings with exceptional surface properties, such as liquid-repellency and
low-friction/adhesion, have been commonly prepared by combining textured surfaces
with perfluorinated compounds. However, once such artificial surfaces are physically
and chemically damaged, they permanently lose their surface properties. In contrast,
some plants and animals maintain their surface properties through secretion of plant
waxes, mucus, and so on. Here, we report on novel coatings inspired by such biological
secretion systems. To realize long-lasting surface properties, we have particularly
focused on the syneresis of organogels, which are known phenomena of gels releasing
their liquid to outmost surfaces. The syneretic gels were prepared by hydrosilylation of
2 types of silicones under the presence of several guest silicone oils (linear
polydimethylsiloxane: L-PDMS). As the molecular weight of L-PDMS increased to a
certain critical number, the guest L-PDMS begin to gradually leach out to the outmost
organogel surface (Fig 1). Thanks to this unique artificial secreting nature, fouling of
various objects can be effectively prevented, resulting in the excellent anti-sticking
properties.Our technique, demonstrated here, undoubtedly shows great potential for
application in dynamic, multifunctional, and self-recovering anti-sticking coatings.
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Perceptions of stakeholders with different levels of knowledge of
and experience in biomimetics
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To facilitate the social implementation of biomimetic technology, understanding the
perceptions of the stakeholders and appropriate policies need to be developed and
implemented. As a basis of the policy making, results of surveys on perceptions of the
stakeholders of biomimetics are provided in this paper. According to the studies
conducted by the authors, levels of knowledge of and experience in biomimetics
influence the perceptions and expectations on biomimetics. To share the latest
information and involving the various stakeholders in the social implementation, the
dialogue between the stakeholders with different levels of the knowledge and the
experience is necessary to avoid the conflict among them. For example, researchers and
engineers of nanoscale biomimetic technology can collaborate with those of urban-
scale technology to facilitate the application of biomimetics in larger spatial scale and
develop platforms of urban design with citizens. Regarding the knowledge sharing with
citizens, museums can play an important role to provide scientific knowledge to the
citizens. A survey on the citizens who visited the museum with a biomimetics
exhibition was conducted by the authors and it reveals that museums can provide
scientific knowledge on biomimetics and influence the expectations of citizens.
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