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Recent Materials Science

Minimum Energy Consumption

Minimum Resource Consumption

Mottainai (もったいない)

Development of Highly Functional Materials

What can materials scientists do?

Learning from Nature

Avoid Wastes!



Organisms

What is biomimetic in materials science?

Models for Materials Science in Nature Models for Materials Science in Nature 

Learning Mimetic Application

Biological 
SystemsMinerals

Development of Advanced Functional Materials Development of Advanced Functional Materials 
in Harmony with Environment in Harmony with Environment 

Biological 
Functions



• Mild Condition Routes

• Inorganic/Organic Composite 

• Hierarchically Organized Structures 

• Highly Functional Materials

• Abundant Minerals

Nacreous 
Layer

Coral Skeletal of 
Echinoderm

Foraminifer Eggshell

What is biomimetic crystal design?

• Reusable and Self-Repairable

Biominerals

Good Models for Materials Science



Learning Mimetic Application

• Structures• Formation Processes • Functions

What is biomimetic crystal design?
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Development of Advanced Functional Materials

Biominerals



Principles and Concepts

Insoluble Organic Molecules

Soluble Organic Molecules

Ambient Temperature and Pressure
Aqueous Solution Routes

Control of Macroscopic Morphologies

Control of Crystal Growth

Calcite CaCO3 Aragonite CaCO3

Nanocrystals
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Development of Biomimetic Crystal Design
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Development of Biomimetic Crystal Design
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Development of Biomimetic Crystal Design

J. Aizenberg T. Kato H. CölfenM. Antonietti,

S. H. Yu, Q. 
Li

Biomimetic Materials Chemistry (2000~)

Angew. Chem. Int. Ed. 2006.Nature 2001, 412. 819.

500 nm

Nano Lett. 2004.
Angew. Chem. Int. Ed. 2008.
Adv. Mater. 2009.

CaCO3

CaCO3

CaCO3 CaCO3

BaCrO4BaSO4

Complex Morphologies



Can we expand the approach to synthesize a 
variety of compounds ?

Can we alternate the approach to conventional 
processes and current practical materials?

~Recent Challenges in Technological Aspects~
Biomimetic Crystal Design for Materials Science

1.

Can we create functional materials and devices?2.

3.



Inorganic Salts
Nacreous Layer

Metal Oxides Organic Crystals

Sea Urchin Spine
Metal-Oxidizing 
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Learning Mimetic Application

• Structures• Formation Processes • Functions

Development of A General Approach for Biomimetic Crystal Design

Biominerals

Approaches to Biomimetic Crystal Design
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Development of A General Approach for Biomimetic Crystal Design
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Strategies for Biological Crystal Design

Single 
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Mesocrystals

Strategies for Biological Crystal Design
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Biomimetic Crystal Design of Mesocrystals
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Applications of Biomimetic Crystal Design
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Manganese Oxidizing Bacteria

• Aqueous Solution Routes
• Nanostructures
• Controlled Oxidation States

B. M. Tebo, S. M. Webb et al., Annu. Rev. Earth Planet.Sci 2004, 32, 287.
Trends Microbiol. 2005, 13, 421.

Manganese 
Oxides

Good Models for Materials Science

Strategies for Biological Crystal Design

• Enzyme-Mediated Syntheses
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Biomimetic Crystal Design of Metal Oxides
Enzyme-Mediated Synthesis Chelation-Mediated Synthesis
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Biomimetic Crystal Design of Metal Oxides



Application to Electrode Materials
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A Cathode Material of Lithium Ion Battery
with Charge-Discharge Cycle Stability
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Biomimetic Crystal Design of Metal Oxides



Future of Biomimetic Crystal Design

Project Leader: Prof. Takashi KATO (University of Tokyo)
(http://fusion-materials.t.u-tokyo.ac.jp/)

Biomimetic Materials Science for Practical Uses 

Ecological Lifestyle Based on Biomimetic Materials Science

5~10 Years Later

Biomimetics as A New Discipline

A Japanese Project

http://fusion-materials.t.u-tokyo.ac.jp/)
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