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Materials inspired by geckos, mussels and 

sandcastle worms 

Marleen Kamperman, 

Physical Chemistry and Soft Matter 

http://www.sciencephoto.com/image/29024/large/B7250311-Wood_structure,_SEM-SPL.jpg
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PHYSICAL CHEMISTRY AND COLLOID SCIENCE 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPrDoMa1kcYCFVIY2wodqqAAnw&url=http://venice.umwblogs.org/exhibit/the-conservation-of-venetian-building-materials/wood/&ei=NJ9-VfrZI9Kw7AaqwYL4CQ&bvm=bv.95515949,d.bGg&psig=AFQjCNG4qksWBvUjG5oLhVqBK-wXdDu87Q&ust=1434448004260780
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Biomimicry 

Thomas Eisner 1929 – 2011  

"father of chemical ecology" 
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      Catechol-functionalized polymers 

Catechol-functionalized polymers 

•Five mussel foot proteins (mfp) 
contribute to the plaque 
formation. 

• One characteristic of mfps:  

L-3,4-dihydroxyphenylalanine 
(DOPA) 

 Versatile binding ability 

● Inorganic substrates: TiO2, 
SiO2, Fe(III), alumina 

● Organic substrates: TEFLON, 
PDMS 

Lee et al. Annu. Rev. Mater. Res. 
2011 

catechol  
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      Sandcastle worms 

Russell Stewart 
University of Utah 

Complex coacervates 

Why use complex coacervation? 
 
Complex coacervation provides advantages for underwater 
adhesion: 
 
1. Immiscible with water  
2. Readily wets surface 
3. Relative high density provides high concentration of 

functional groups at surface 

http://www.bioen.utah.edu/faculty/RJS/LabSite/pcal gal4.html


22/06/2015 

6 

Sandcastle worms 

pH 5: complex coacervate pH 8: precipitation Crosslinked solid material 

R Stewart, ACS Appl Mater Inter 2012 

Electrostatic and hydrophobic interactions 
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      Structured Adhesives 

Musca domestica 
Images from Stanislav Gorb 

seta 
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Gecko 
Images from Stanislav Gorb 

van der Waals adhesion 

Jacobs, Autumn, Royal Society Interface, 2013 
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Area of contact 

Two solids in contact: 

Area of real contact is very 
small and the adhesion 
negligible.  

Hierarchical fibrillar system: 

Area of real contact is high!  

Persson, MRS Bulletin, 2007 

Principle of Contact Splitting 

 
Kamperman, Arzt, 
Adv Eng Mater 2010 
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Colloidal Self-Assembly 

  Alternative way  to create nanostructured patterns 

  No expensive photolithography techniques needed 

  Small feature sized possible 

  Robust structures 

 

PDMS 
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Dimple depth and density 

Akerboom, S., Kamperman, M., et al. Roy Soc Interface 2015 

S2 

S3 

S1 
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Crack trapping mechansim 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=WUYZJ7BmzTE8NM&tbnid=9vSvfVIOjJGGFM:&ved=0CAUQjRw&url=http://mport.bigmir.net/war/1523459-Kostjum-Spajdermena--teper--on-sucshestvuet&ei=d6dSUoKPI4rD0QWC7oHoDw&bvm=bv.53537100,d.bGE&psig=AFQjCNF4nyLuSxygefmAql8ynXYFk0Oi_Q&ust=1381234831709238
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=JNniSAwA5nUt5M&tbnid=vNgzMGuhTXGoOM:&ved=0CAUQjRw&url=http://followingthebliss.wordpress.com/2012/03/21/move-over-spiderman-gecko-power-is-coming-to-everyone-3/&ei=yKdSUu_CB8WV0AXr3oCACg&bvm=bv.53537100,d.bGE&psig=AFQjCNF4nyLuSxygefmAql8ynXYFk0Oi_Q&ust=1381234831709238
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“Somewhere, something incredible  is 
waiting to be known.” 
Carl Sagan  


