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It is impossible to begin to learn that 
which one thinks one already knows. 

Epictetus (c.55 - c.135) 
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Water-surface interactions

• Hydrophilic • Hydrophobic

Roots: http://images.sciencedaily.com/2009/07/090707111705-large.jpg 
Thorny devil lizard: Design by Nature: http://ngm.nationalgeographic.com/2008/04/biomimetics/clark-photography 
Tropical herb Ruellia devosianan superhyrdrophillic leaf with water drop spreading: Koch et al. FUNCT PLANT BIOL, 2009, 36, 339-350 
Aristolochia elegans superhydrophobic leaf with water drops, Japanese beetle, © 2010 J.A. Nychka

1.5s

http://ngm.nationalgeographic.com/2008/04/biomimetics/clark-photography
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Leaf structure

http://kvhs.nbed.nb.ca/gallant/biology/leaf_structure.jpg
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K. Koch et al. Soft Matter 4 (2008) 1943-1963 K. Koch and W.Barthlott, Phil. Trans. R. Soc. A 367(2009) 1487-1509
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J.A. Nychka and M.M. Gentleman, JOM, (2010) 62 [7] 39-48

Leaf Surfaces: Stable Cassie-Baxter States

Roughening the hydrophilic 

epicuticular wax makes the leaf 

hydrophobic
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Bed of nails analogy

http://www.flickr.com/photos/judyjowers/4441680685/sizes/o/in/photostream/

http://www.stevespanglerscience.com/img/cache/bcb9b8db117ee64376aedaf7af3595ca/bed-of-nails-3-5-09.jpg
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Ananas comosus
Abaxial

Adaxial



Surface Engineering Design
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Bulk

Surface

• Bulk properties are not always sufficient… 
• Surface engineering is required: 

– Aesthetics, chemical, wear, corrosion, fatigue 
resistance… 

• Alter or coat a surface to achieve desired 
attributes – the natural world does this!
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Epicuticular Wax: Diversity of Structure

W. Barthlott et al. Bot. J. Linnean Soc 126 (1998) 237-260

Smooth Layers Crusts

Fissured Layers Granules
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Epicuticular Wax: Diversity of Structure

Platelets
Membraneous 

Platelets

Plates
Triangular  
Rodlets

W. Barthlott et al. Bot. J. Linnean Soc 126 (1998) 237-260



14

Epicuticular Wax: Diversity of Structure

Polygonal  
Rodlets

Coiled  
Rodlets

Transversely 
Ridged Rodlets Threads

W. Barthlott et al. Bot. J. Linnean Soc 126 (1998) 237-260
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K. Koch et al. Surface Science, 603 (2009) 1961-1968

Epicuticular Wax: Diversity of Structure



So what?
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Now what?
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Y. Chen, L.Liu, H.-J. Chung, J.A. Nychka RSC Advances, 5 (2015) 91001

Coat filter paper with  
nanostructures...
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Y. Chen, L.Liu, H.-J. Chung, J.A. Nychka RSC Advances, 5 (2015) 91001

Coated filter paper 
separates oil and water...
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Copper mesh

Y. Chen, X. Li, M. J. Glasper, L. Liu H.-J. Chung, J.A. Nychka RSC Advances, 6 (2016) 92833
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UV oxidized  
Copper mesh

Y. Chen, X. Li, M. J. Glasper, L. Liu H.-J. Chung, J.A. Nychka RSC Advances, 6 (2016) 92833
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Y. Chen, X. Li, M. J. Glasper, L. Liu H.-J. Chung, J.A. Nychka RSC Advances, 6 (2016) 92833

Coated copper 
mesh can be 
tuned to separate 
oil from water, or 
water from oil!
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Summary
• Plants, although diverse, have evolved to very few 

surface designs 

• Inherently hydrophilic materials can be 
superhydrophobic or superhydrophilic when the 
surface is sculptured on many levels 

• Nanotechnology is ever present in leaf waxes – 
from their assembly to structure 

• Biomimicry of surfaces (self-assembly and 
structure) is possible through coatings - to do all 
sorts of things!
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