Principles and Results Related to Biomimetic Crystal Design

Y uya Oaki

Depatment of Applied Chemistry, Faculty of Science and Technology, Keio University,
3-14-1 Hiyoshi, Kohoku-ku, Y okohama 223-8522, Japan.

Email: oakiyuya@applc.keio.ac.jp

Keywords: Materials Chemistry, Crystal Growth, Biomineralization, Biomimetic Process,
Aqueous Solution Synthesis, Nanomaterials, Hierarchical Structures, Self-Organization,
Organic/Inorganic Composite Materials

An ultimate goal in our research is to synthesize highly functiona materias through
controlled crystal growth in solutions under mild conditions without any special equipment.
Biominerals such as seashells, eggshells, and teeth are functional inorganic/organic
composites consisting of abundant minerals formed under mild conditions (Figure 1).[1] Their
structures and formation processes are good models for materials chemists. The controlled
hierarchical structures lead to the emergence of functions that are not conceivable from each
component such as calcium carbonate and biological polymers. The formation process,
namely biomineralization, inspires researchers to develop mild condition routes for synthesis
of designed crystals. In biomineradization, organic molecules such as proteins and peptides
play essential roles for the construction of hierarchically organized inorganic/organic
composites. A large amount of
previous works have partially
clarified the hierarchical
structures and the related organic
macromolecules in biominerals.
However, we cannot synthesize '
replicas of biominerals in the
present technol ogy.

In biomimetic crystal design,
awide variety of organic molecules play multiple roles for the control of crystal growth and
the formation of composite structures through appropriate interactions. Biomimetic crystal
design has been extensively studied by researchers in materials chemistry since 1990s.
However, the research area is now developing. In recent years, biomimetic and bio-inspired
materials chemistry have attracted much interest in the world. A number of research projects
related to biomineralization and biomimetics are proceeding. The specia issues have been
published in journals related to chemistry and materials science. In our research area, the term
‘biomimetic’ represents mimicking structures, formation processes, and functions of
biominerals. Our recent challenges are listed as follows. 1) Can we expand the approaches to
a broad range of materials science?, 2) Can we create functional materials and devices?, 3)
Can we alternate the approach to conventional processes and current practical materials?

as an exampl e of biominerals.[2a,b]
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In the presentation, | will talk e
about our recent approaches
related to biomimetic crystal
design in the following the
introduction.[2—4] Our research
group has found the overlooked = T & 2o B
nanostructures of CaCOs-based Figure 2. Hierarchically organized materials synthesized
biominerals such as a nacreous through biomimetic crystal design.[2-4]
layer and a sea urchin spine (Figure 1). Based on the results, the biominerals can be
interpreted as hierarchically organized inorganic/organic composites from nanoscopic to
macroscopic scales.[2] The hierarchical structures of biominerals themselves can be used for
the synthesis and morphogenesis of other functional organic materials. The similar
hierarchically organized materials can be synthesized by using organic molecules under mild
conditions (Figure 2).[3] We have studied biomimetic crystal design of metal oxide
nanostructures through an approach inspired by microbiad mineralization of manganese and
iron oxides in nature.[4] In this way, biomimetic crystal design has been developed in recent
years. The more precise control of the synthetic processes and the resultant structures are
required for the further development of biomimetic crystal design. In addition, our next
challenge is focused on the emergence of functions based on biomimetic crystal design.
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