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Coating and Conversion of Pollen Grains,
Butterfly Scales, and Diatom Frustules
with/into Fe;0,, SnO,, TiO,, Zn,S10,, BaTiO;
via Computor-Automated, Layer-by-Layer,
Surface Sol-Gel Deposition
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Pollen Grains

¢ Utilized by plants for the transfer of male genetic
material, and is widely available in large quantities

¢ Adapted for wind-based (anemophilous plants) or
insect-based (entomophilous plants) pollination

¢ A wide variety of species-specific shapes and surface
morphologies exist among pollen grains

¢ Pollen adhesion is achieved via:

- entanglement (with insect hair)
- van der Waals attraction?
« capillarity/wetting of pollenkitt!

¢ The pollen exine (outer layer) consists of sporopollenin,
a robust polymer rich in carboxylic acids?
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Sunflower (Helianthus annuus) Pollen

Secondary electron images
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Surface Sol-Gel Processing
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Metal Alkoxide Hydrolysis

(obtained from S. Fujikawa, R. Takaki, T. Kunitake, Langmuir, 21,
8899 (2005))



Surface Sol-Gel Processing

Resorption of Layering of Ultrathin
Metal Alkoxide Metal Oxide

(obtained from S. Fujikawa, R. Takaki, T. Kunitake, Langmuir, 21,
8899 (2005))



Conformal Fe-0O Coating of Sunflower Pollen

Native Sunflower Pollen Fe-0 Coated Pollen

Secondary electron images

(30 SSG cycles with Fe(III) isopropoxide)
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Organic Pyrolysis
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Iron Oxide Sunflower Pollen Replicas

Fe-0 Coated Pollen Fe;0, Pollen Replica

Secondary electron images

(30 SSG cycles with Fe(III) isopropoxide; 600°C, 4 h, air;
Rhines pack, 550°C, 2 h) 5
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Adhesion Testing of Pollen and Pollen Replicas
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Multi-modal Adhesion of Fe;0, Replicas
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Tailorable Long Range Magnetic Adhesion
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Papilio blumei Butterfly
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Green Ventral Scale of P. blumei Butterfly
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Green Ventral Scale of P. blumei Butterfly
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Eu-doped BaTiO; Replicas of P. blumei Scales
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Eu-doped BaTiO; Replicas of P. blumei Scales
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Labeling with Eu-BaTiO; P. blumer Replicas

Bright field
- image
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Labeling with Eu-BaTiO; P. blumei Replicas

Fluorescence
image
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Fe;0,-coated Frustules

Secondary electron images

(21 SSG cycles involving Fe(III) isopropoxide,
550°C/2 h in Fe/Fe;0, Rhines pack)
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As Adsorption Experiments
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As Removal from Water w/Fe;0,-coated Frustules
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As Removal from Water w/Fe;0,-coated Frustules
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Summary

¢ Patented shape-preserving gas/solid displacement
reactions have been used to convert microscale,
nanostructured 3-D bioinorganic and synthetic
inorganic structures (silica diatom frustules, synthetic
silicas) into replicas of other functional materials
(e.g., highly porous Si, SiC, C, C/Pt).

¢ Layer-by-layer conformal coating and thermal
treatment processes have been used to convert
microscale, nanostructured 3-D bio-organic structures
(pollen grains, butterfly scales) and bio-inorganic
structures (diatom frustules) into replicas comprised
of a variety of functional oxides (e.g., Fe;0,, Sn0O,,
TiO,, Zr0,, BaTiO;, Eu-BaTiO;)
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Shape-Preserving Chemical Transformation
of Biogenic Structures: Bio-Enabled Materials

¢ High surface area electrodes

« Anodes for batteries (Si diatom frustule replicas)
« Cathodes for fuel cells (Pt/C diatom frustule replicas)

¢ Rapid, sensitive, microscopic sensors
 Alcohol-sensing (TiO, diatom frustule replicas)

¢ Tailored adhesive microparticles
- Shaped magnetic particles (Fe;0, pollen replicas)

¢ Optical micromarkers
- Shaped photoluminescent particles (Eu-BaTiO; butterfly scales)

¢ Water (and other fluid) purification

 Arsenic adsorption (Fe;0,-coated diatom frustule replicas)
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