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Part AO1-1: Database Building for Biomimetics
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EDLOEB o2 RAULKIE
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PITO—FlC&BDAV RO
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L7z,
Fig. 1 A sample of search by the biomimetic data platform
including SEM image of an artificial fiber mixed with SEM

images of insect microstructures.
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Fig.2 SEM photos of the
surface of compound eye
of a mosquito, Aedes
albopictus; left —photo by
nano-suits method; right —

photo by dried sample.
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Fig.1 Research strategy of B01-1 team
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Fig.2 Research highlights of BO1-1 team
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(1) *Ohzono, T.; Suzuki, K.; Yamaguchi, T.; Fukuda, N. Adv. Opt. Mater.,2013 1, 374-380.
(2) *Ohzono, T.; Hirai, Y.; Suzuki, K.; Shimomura, M.; Uchida, N. Soft Matter, 2014 10,
7165-7169.

(3) Yashima, S.; Takase, N.; *Kurokawa, T.; *Gong, J. P. Soft Matter, 2014 10, 3192-3199.
(4) *Suzuki, K.; Hirai, Y.; *Ohzono, T. ACS Appl. Mater. Interfaces, 2014 6, 10121-10131.
(5) *Ohzono, T.; Yamamoto, T.; Fukuda, J. Nat. Commun. 2014 5, 3735.
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Structural color of biomimetic jewel beetle coated with
opal crystal films
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Fig.1 A wide variety structural color of

biomimetic jewel beetles. The structural

color is tunable by the colloid sphere size

476.83nm 494.46nm 511.25nm 522.50nm 531.92nm 575.98nm 591.91nm

PR DR, and the interspacing of colloid array, dyi;.

VH69:F64 (1209.9nm)

" s wees Here PS is Polystyrene and PDMS is

‘baases pous
¥.... Polydimethylsiloxane.
A\ dA}s.‘u
620.00nm 657.42nm _» . o ba
557.08nm  583.07nm ﬁfﬁ—d—% C (\:_ tﬁt‘\g TCO 8 H J:’B__] ‘{_’_;‘/E\
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3. VALY RVIEMY % bR

SRUDKRIVAVRUBHYV LAY DRFZANRD MLOAEBKERECDWVWTHE
Al (6-20) Z1To7 (Fig.2) o AICRTI LS CHAZRZEREL. EBRICE TR
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LhY) ) THD. FLZNSDBRHNS. QIFE—DVDABEKRERZREDHILHDZED
([CRT. EFE—ODEERIE. S RUITRITAYDAD A=)l (BRI LY)
EDEW (B, C) ' WEDAEKFHRFIIS—HLTWLW: (D) .

Fig.2

Reflection spectrometric
analysis. A: Setup of
measurement, B: Original
jewel beetle, C: Opal
(Biomimetic jewel beetle)
and D: Diffraction peak as a

function of tilting angle.
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Formation of corneal nipples in insects
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Fig.1 Corneal nipples in
the compound eye of

Drosophila.

Fig.2 Microvilli and

corneal formation
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Fig.3 Various patterns of corneal

nipplesin Drosophila mutants
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Dynamics of biomimetic hierarchy structure
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Biomimetics of Insect Subcellular Systems
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Fig. 2 Vibrations generated by wind, a beetle
- landing on a leaf, a beetle walking on a leaf, and a
3. REINE - BIb beetle walking on a leaf in the presence of wind.
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(1) Mitsuno, H.; Sakurai, T. et al. Eur. J. Neurosci. 2008, 28, 893-902.

(2) Tsubaki, R.; Hosoda, N.; Kitajima, H.; Takanashi, T. Zool. Sci. 2014, in press
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Bioinspired Mechanical System: From Cell
Micromehcanics to Bioflight Macromechanics
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Fig.1. Rapid enhanced proliferation of iPS Fig. 2 Ultra-low speed wind tunnel & DPIV

cells on laminin-fixed gelatin gels. system at CU, high-speed recording of wing
kinematics and CFD-based flow fields around a
hummingbird, and biomimetic wings.
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Fig.3. The starting
position-superimposed cell
trajectories around the elasticity
boundaries with different
curvatures Rs (um) for convex (a),
concave (b), and linear control (c).
H and S indicate hard and soft
region, respectively.
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Fig.1 Results of noise measurements for the Au/
P3DT/Au element. The time course of current
density under a constant applied voltage is

presented for various applied voltages.
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Fig. 1. 3D laser image of a pit Fig. 2. Change of a Fig. 3. Change of the

formed on the surface of cellulose cross-sectional profile of volume of the pit formed

hydrogel in 31 min after depositing the pit as a function of after depositing various
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The flow in a plant from an engineering point of view

Abstract: We try to explain mechanisms of a vessel flow of a plant from a fluid
dynamical point of view. The necessary pressure to pump up water from roots to
stomata is estimated by using the continuity and Bernoulli’s equations.  The limitation
of 10m related to the atmospheric pressure is nonsense because of a fault of boundary
condition, so that we should be released from the spell. We consider that the pressure
given indirectly by the osmotic pressure at roots is a major source of the work of
pumping up and the capillary action is also possible to pump up water to a height of 20
m, if the diameter of the capillary tube is 1.5 um. We show my latest researches on the
flow in platnt cells and the function of leaf vein that exerts on supplying water to the
whole leaf.

Key Words : Physiology, Sap flow, Vessel, Sieve, Xylem, Vein, Cytoplasmic streaming, Transpiration,

Osmotic Pressure, Water potential
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Fig. 1 Simple model of vessel
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1, 1,
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£33, bS5, 2000 [EERD. RO 2000 [UEH E WD EIREBITEARL., &
C, BEN25E, {HEBRED Ix10°LEVLTRR u,ZROTHKLS. u,=0.4
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SEICHRDEE n=1x10°K (10 AFK) £1B3. CNHAK[ALOELEEINERBAL
B<IRENTE RN ?
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a) without treatment b) only vein system c) whole surface covered with wax d) a half surface

covered with wax

Fig. 2 Tested treatment leaves

Q,=Q.,+Q, +Q,

Q,, =Q. =0.35Q,

Qy =Q, +kQ, + Q, =0.20Q, @
Q= Q, =0.08Q,,
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Fig. 1. (A, B) Nipple array on the tunic surface of a botryllid ascidian (Scale bar = 0.5 um). (C)

Nanopillar sheet fabricated by nanoimprint technology (Scale bar = 1 um).
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Fig. 2. (A) Attachment of bubbles on the hydrophilized pillared sheet and flat sheet. (B)
Simulation of adhesion energy per unit area of a bubble on flat (black line) and pillared surface

(red line) at various wettability of the surface. 05, contact angle of the bubble.
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Fig. 3. (A) An individual of Thalia rhomboides. (B) TEM image of the tunic surface.
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Diverse structures and multiple functions of sponge

morphology
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Fig. 2 Schematic image of sponge

aquiferous system.
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Fig. 3 A. Sponge host and sponge-endosymbiotic bivalves. The sponge inhale water exhaled
from bivalves. B. Fluorescent dye dropped into the inhalant area of the bivalves. C. Dropped
fluorescent dye first inhaled into the bivalve’s body, and then exhaled from specific sponge
oscula. The volume of water circulating in the sponge body was dramatically increased by the

water exhaled from bivalves.
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Cute appearance but great scientific and application
potential of scaly foot gastropods
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Fig.1 Location of various deep-sea

hydrothermal vent systems in global ocean.
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Red line shows mid-oceanic ridge and blue

line shows subduction arc-backarc systems.
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Fig.1 Lifecycle of barnacles.
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Fig.2 External shapes of test barnacle species (adult and cypris larvae).

A: Balanus amphitrite, B: Acasta dofleini, C: Coronula diadema
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Figure 2. Laser microscope images of (a) honeycomb-patterned films,

(b) PDMS microlens arrays, and (c) dimple structures. (bars; 80 um)

62



ZERUICBEES. UDhOBECHHLD
53, 72 hRIBEEHNRTKREL
BEBRAMET LTV Z EAEREN
foo RIHWBBENRBAICED LS. Release
SRR 2 EEENHHIMET I 218D Figure 3. Photographs of before and after compress
HRIN., HBEBKICERNIER the sample surface.
MEDNBDZEDNER SN, INSDEBERHNS. N1 00T« VT ILEBEBIRICHE
BHZETSIEIHEERHDEDD, U XMDFOUT LY ckTHRICEBHZETIFS
CEDNTEDRLD. ¥ 007 « VITIBEC IR EZRAICRFTSEDIRE, I
DHpEZB LTV O RMENTRE I N,

(@) ()

Figure 4. Graphs of friction measurements of (a) wrinkle structures and (b) biomimetic

hierarchical structures.
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Conference Report: IUMRS-ICA

We attended the IUMRS-ICA Fukuoka conference between August
24" and 30™. The session was Materials Technology inspired by Natural
Phenomena and Natural Materials. An oral presentation was given titled
“Green Synthesis of Stimulus-Responsive Superoleophobic Polymer
Brushes and Their Applications in QOil/Water Separation and Water
Purification” lasting for 15 minutes with 5 minutes of questions at the end
from the audience. The presentation concentrated on our past results of
generating surfaces on which oil drops can easily slide based on water
soluble polymer brushes. This work has recently been published in the
journal ACS Applied Materials and Interfaces. Results on how this oil
repellency can be switched on or off via external stimuli such as pH value,
salt concentration, or temperature was also presented for the first time.
New research based on water repellent polymer brushes submerged in
oils was also communicated. The presentation was well received and
several questions were asked raising some interesting discussion points.
One questioner wanted to know about the polydispersity of the prepared
polymers which are attached to the substrates surface. It was explained
that polydispersity of our polymer is not key to generating the oil
repellent behavior, and that polydispersity is simply a number rather than
a measurable property. Further we explained that key aim of our research
is to generate surfaces from which oil is strongly repelled, rather than
study the mechanism. Another question focused on one of the
unexpected findings in the stimuli-responsive nature of the polymer brush
surfaces. The questioner wanted more information of the results and a
reason for the unexpected result. This information was given, and a
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theory proposed why this unexpected result was obtained but stressed
that currently we do not know the exact reason. This will be the subject of
future experiments and research.
| also attended several other presentations in the same session
concerned with similar research topics. Prof. Shimomura gave a
particularly interesting presentation (Biomimetic water transportation
device based on wharf roach Ligia exotica) of how water is transported
up the legs of a small insect (Wharf Roach Ligia Exotica), and researchers
from Nagoya Institute of Technology gave a similar talk also on water
transport of surfaces similar to those of insects (Water and oil transport
with open capillary channels mimicking animal). These presentations gave
me several ideas for new research directions we could follow in our future
work and design principles which we could use for current research.
Other research presentations were unconnected with our research
theme but were interesting and could be useful in the future perhaps. For
example researchers from Nagoya Institute of Technology gave a
presentation on how small insects can be seen through an electron
microscope by firstly coating the insect with a nanosuit consisting of a
polymerized surfactant complex (Analysis of inner structures of
biomimetic thin-film “Nanosuits”).
Overall the conference was a well hosted event at a suitable location in
Fukuoka. Conference chairs kept strictly to the allocated schedule
leading to fluid running of the presentations.
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