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Many biological materials and tissues are characterised by properties and functionalities that result
from a complex spatial structure on the nanometer scale. Examples include the brilliant optical
reflections of some insect and butterfly wings and the non-wettability of plant leaves known as the
lotus effect, as well as many others that relate to current topics within the field of condensed matter
physics. The symposium will address both for function and formation mechanisms of such biological
structures, as well as the inspiration and biomimetic concepts that these systems provide for synthetic
counterparts — from structure formation in self-assembly to biomimetic and bioinspired designs for

nanofabrication technologies.

Invited Talks

Overview of Invited Talks and Sessions

(Lecture room HSZ 02)

SYBM 1.1 Tue  9:30-10:00 HSZ 02 New twists in biological photonics: circular polarisation and be-
yond. — ePETE VUKUSIC, LUKE McDoONALD, EWAN FINLAYSON

SYBM 1.2 Tue 10:00-10:30 HSZ 02 Bio-inspired materials and structures for technology and architec-
ture — ¢THOMAS SPECK

SYBM 1.3 Tue 10:30-11:00 HSZ 02 Cellulose bio-inspired hierarchical structures — oSILvIA VIGNOLINI

SYBM 1.4 Tue 11:15-11:45 HSZ 02 Strong Flexible Bioenabled Nanocomposites for Sustainable Sensing
— oVLADIMIR TSUKURUK

SYBM 1.5 Tue 11:45-12:15 HSZ 02 3D laser nano-printing of rationally designed materials — eMARTIN
WEGENER

Sessions

SYBM 1.1-1.5 Tue  9:30-12:15 HSZ 02 Bioinspired Functional Materials: From Nature’s Nanoarchitec-

Related Sessions

Chemical and Polymer Physics Division (CPP)

Bioinspired Functional Materials I, Mon 10:15-13:00 (ZEU 114)
Bioinspired Functional Materials II, Mon 15:00-18:15 (ZEU 114)
Poster Bioinspired Functional Materials, Mon 18:30-21:00 (P1C)

tures to Nanofabricated Designs



Dresden 2017 — SYBM

Tuesday

SYBM 1: Bioinspired Functional Materials: From Nature's Nanoarchitectures to
Nanofabricated Designs

Time: Tuesday 9:30-12:15

Invited Talk SYBM 1.1 Tue 9:30 HSZ 02
New twists in biological photonics: circular polarisation and
beyond. — ePETE Vukusic, Luke McDonNnaLD, and EwaN FIN-
LAYSON — University of Exeter, Exeter, UK.

The evolution of structural colour mechanisms in many biological sys-
tems has given rise to many specialised and often highly functional
optical effects both in animals and in plants. Recent scientific works
yielded several examples that are being developed for use across tech-
nology. Among many thousands of biological systems, a distinctive
example involving circular polarisation (CP) was described by Michel-
son himself: the scarab beetle Chrysina resplendens. Its exoskeleton
has a bright, golden appearance that reflects both right-handed and
left-handed CP light. The chiral nanostructure responsible for this is a
helicoid comprising twisted birefringent dielectric planes. This presen-
tation revisits the C. resplendens beetle, correlating details of its CP
reflectance spectra directly with detailed analysis of its morphology
that includes a chiral multilayer configuration comprising two chirped,
left-handed, helicoids separated by a birefringent retarder. The sys-
tem’s optical behaviour is modelled using a scattering matrix simula-
tion, where the optical roles of each component of the morphological
substructure are elucidated. The C. resplendens’ model is presented
here, alongside summaries of other inspirational biological structural
colour generation strategies, as a key example of highly adapted optical
design.

Invited Talk SYBM 1.2 Tue 10:00 HSZ 02
Bio-inspired materials and structures for technology and ar-
chitecture — eTHOMAS SPECK — Plant Biomechanics Group &
Botanic Garden, University of Freiburg

Biological structures and materials are typically multi-layered, hier-
archically structured, finely tuned and highly differentiated based on
the combination of a few basic molecular components. This leads to
materials and structures that are characterized by multiple networked
functions and (often) possess excellent mechanical properties, a pro-
nounced adaptability to changing environmental conditions and many-
fold self-x-properties.

During the last decades biomimetics, i.e. using living organisms
as inspiration for technical developments products, has attracted in-
creasing attention as well from basic and applied research as from
various fields of industry. Biomimetics has a high innovation potential
and offers the possibility for the development of sustainable technical
products and production chains. On the one hand, novel sophisti-
cated methods for quantitatively analyzing and simulating the form-
structure-function-relationship on various hierarchical levels allow new
fascination insights in multi-scale mechanics and other functions of
biological structures, materials and surfaces. On the other hand, re-
cent developments in computational design and simulation together
with new production methods enable for the first time the transfer
of many outstanding properties of the biological role models into in-
novative biomimetic products for reasonable costs which makes them
interesting for applications in many fields of technology and building
construction.

Invited Talk SYBM 1.3 Tue 10:30 HSZ 02
Cellulose bio-inspired hierarchical structures — eSivia Vig-
NOLINT — Lensfield Road Cambridge CB2 1IEW UK

Nature’s most vivid colours rely on the ability to produce complex
and hierarchical photonic structures with lattice constants on the or-
der of the wavelength of visible radiation. A recurring strategy design
that is found both in the animal and plant kingdoms for producing

Location: HSZ 02

such effects is the helicoidal multilayers. In such structures, a series
of individual nano-fibers (made of natural polymers as cellulose and
chitin) are arranged parallel to each other in stacked planes. When
distance between such planes is comparable to the wavelength of light,
a strong polarised, colour selective response can be obtained. These
helicoidal multilayers are generally structured on the micro-scale and
macroscopic scale giving rise to complex hierarchical structures.

Biomimetic with cellulose-based architectures enables us to fabri-
cate novel photonic structures using low cost materials in ambient
conditions. Importantly, it also allows us to understand the biological
processes at work during the growth of these structures in plants. In
this talk the route for the fabrication of complex bio-mimetic cellulose-
based photonic structures will be presented and the optical properties
of artificial structures will be analyzed and compared with the natural
ones.

15 min break

Invited Talk SYBM 1.4 Tue 11:15 HSZ 02
Strong Flexible Bioenabled Nanocomposites for Sustainable
Sensing — eVLADIMIR TSUKURUK — School of Materials Science and
Engineering, Georgia Institute of Technology, Atlanta, USA

I discuss recent results from our research group on designing flexible
and strong responsive polymer and biopolymer nanocomposite materi-
als and structures for advanced flexible sensing and electronic applica-
tions. Ultrathin silk fibroin proteins and chemically modified cellulose
nanocrystals were assembled in order to control intimate assembly with
graphene oxide sheets with controlled surface chemical composition on
planar and curved substrates. We demonstrated flexible laminated
bionanocomposites with developed biointerphases that facilitate ex-
tremely high elastic modulus, bending flexibility, and toughness. Both
experimental and computational methods were undertaken to address
silk fibroin adsorption at heterogeneous surfaces of graphene oxide with
different degrees of oxidation. Graphene oxide and reduced graphene
oxide sheets at various levels of oxidation were compared with sili-
con dioxide (SiO2) as a benchmark substrate. We concluded that
silk fibroin readily forms single molecule proto-nanofibrils with -sheet
structures on oxidized graphene oxide surfaces but aggregated globu-
lar structures on the hydrophobic surfaces. Finally, electrochemical-
assisted photolithography has been utilized for high spatial resolution
conductive patterning of these nanocomposites with high local elec-
trical conductivity, sharp boundaries, and optical transparency. Some
peculiar features of these flexible bionanocomposites can be explored
for tactile recognition, remote sensing, and low-noise SERS substrates.

Invited Talk SYBM 1.5 Tue 11:45 HSZ 02
3D laser nano-printing of rationally designed materials —
eMARTIN WEGENER — Karlsruhe Institute of Technology, Karlsruhe,
Germany

Broadly speaking, 3D structures and materials can be designed by
using the human brain, computer-based (topology) optimization, or
inspiration from nature. Regardless of how a 3D blueprint has been
obtained, it eventually needs to be manufactured. 3D laser printing
on the micro- and nanometer scale has become a versatile and reliable
workhorse for accomplishing this task. Here, we review recent exam-
ples from our group. This includes micropolar metamaterials with
behavior beyond ordinary continuum mechanics, metamaterials with
effectively negative thermal expansion from positive constituents, and
electrical metamaterials with unusual direction and sign of the Hall
voltage.



