
Schematics of wetting of four different surfaces. The largest contact 
area between the droplet and the surface is given in flat and micro-
structured surfaces, is reduced in nano-structured surfaces, and is 
minimized in hierarchical (nano-micro) structured surfaces. This 
contains the principle of the so-called self-cleaning Lotus leaf effect, 
depicted to the left. 

Natural and biomimetic artificial surfaces for super-hydrophobicity, self-cleaning, low adhesion, 
and drag reduction, B. Bhushan, Y. C. Jung, Progress in Materials Science 56, 1-108 (2011) 



Peacock feathers: Brown pigment + nanostructures 



When light falls on a thin film, the waves reflected from the 
upper and lower surfaces travel different distances depending 
on the angle, so they interfere. 



Butterfly wing at different magnifications reveals 
mesostructured chitin acting as a diffraction 
grating 



Polydopamine (PDA) shell layers  
+ core polystyrene (PSt) particles 



Chameleons can change their color in less than 1 second 



Dumanli, A. G., Kamita, G., Landman, J., van 
der Kooij, H., Glover, B. J., Baumberg, J. J., 
Steiner, U. and Vignolini, S. (2014), 
"Controlled, Bio-inspired Self-Assembly of 
Cellulose-Based Chiral Reflectors."  
Advanced Optical Materials.  
doi: 10.1002/adom.201400112 

The most intense blue 
known in nature: African 
Pollia condensata berries 







Self-assembly: 
Making a macroscopic sample (i.e. about 1020 
nanoparticles) by physically picking up and 
moving nanoparticles into place, one by one, 
would take about 300 million years, even if 
the time for moving individual particles could 
be made as short as 1 millisecond.  



Quincke rotation 



 
  

Small glass beads rotate spontaneously 
when immersed in liquids and subject 
to an electrostatic field 
 
1. Threshold electric field 
2. Rotation axis normal to the applied E-field 

Oil 

Quincke rotation 



Quincke rotation 



Quincke rotation of Pickering frops. Experiments at NTNU Trondheim 



Movie of single Quincke rotating 
Pickering drop 

Quincke rotation of Pickering drops. Experiments at NTNU Trondheim 



Quincke rotation of Pickering drops. Experiments at NTNU Trondheim 

Solid particle Rigid capsule 



Video from: http://www.youtube.com/watch?v=mKLhfb5csr4 

Tank treading and tumbling motion 



Tumbling and tank treading motion 

Video from: http://www.youtube.com/watch?v=mKLhfb5csr4 



Transition from solid shell rotation to tank treading:  

Experiments at NTNU Trondheim 



Transition from solid shell rotation to tank treading:  

Experiments at NTNU Trondheim 



Particle tracking 

Transition from solid shell rotation to tank treading:  

Experiments at NTNU Trondheim 



Transition from solid shell rotation to tank treading:  

Experiments at NTNU Trondheim 



Solid to liquid transition of the particle layer occurs 
when we increase the E-field 



Electrobuckling: Experiments at NTNU Trondheim 



Crumpling 



Interaction of Quincke  
rotating beads 



Swimming Quincke rotating Pickering pair 

Self propelled motion Orbiting motion 

Experiments at NTNU Trondheim 

E 



Swimming upwards 

Experiments at NTNU Trondheim 

E 



Experiments at NTNU Trondheim 

E 

V ~ 0.1 mm/sec 

V ~ 0.1 mm/sec 

Pair swimming of tank treading capsules 

Electro-hydrodynamic propulsion of counter-rotating Pickering drops P. 
Dommersnes, A. Mikkelsen & J. O. Fossum EUROPEAN PHYSICAL 

JOURNAL SPECIAL TOPICS 225, 699-705 (2016) 



Swimmers 

Counter-rotating rotors 

Another animal might consist of two cells which were stuck together and were able to roll on 
one another by having some kind of attraction here while releasing there. That thing will 
"roll" along. 



Two-rotor bifilament swimmer: Chlamydomonas  

https://www.youtube.com/watch?v=mu72Qoy1xq0 Chlamydomonas is a 

single-cell green alga 

about 10 micrometres in 

diameter that swims with 

two flagella.  



Two-rotor model of 
bifilament swimmer 



Flocking and swarming 



exp_03_40xoil_40fps_fluo.mov: Real-time low-
resolution movie (duration 50 s) of tracer motion 
as used for the PTV analysis (see main text for 
imaging parameters). 

exp_03.mov: Real-time movie (duration 50 s) of the 
PIV flow field as extracted from 
"exp_03_40xoil_40fps_brightfield.mov".  



A hematite cube protruding from a TPM polymer spheremoves on fixed glass substrate when exposed to blue 
light (red part of trace) and diffuses when the light is off (black part of trace). Initially, with no light, the 
hematite cube is oriented randomly (image, right) but rotates and faces downward toward the glass substrate 
when the light is turned on (image, left). The particle then surfs on the osmotic flow it induces between the 
substrate and itself. (Inset) A superposition of the trajectories of many particles with their origins aligned. 



Phoretic and osmotic effects can conveniently be switched on and off by light.  



Surface roller 
Pair rollers 

Kicking off one another, or kicking of a surface 



Experiments at NTNU Trondheim: Tommy Kristiansen 

0.2 mm gap 

Hele-Shaw cell with ITO  glass covers:   suspension containg 30micron PS beads 



Experiments at NTNU Trondheim: Tommy Kristiansen 

40µm   2250V/mm Fast moving quincke rollers 



Streak photography night sky 



Experiments at NTNU Trondheim: Tommy Kristiansen 

Streak photos of fast moving Quincke rollers: 
«Vortices» 

15  frames after 0 secs 100  frames after 3 secs 

100  frames after 6 secs 100  frames after 9 secs 



Experiments at NTNU Trondheim: Tommy Kristiansen 

30µm   1375V/mm   60fps «Living crystals «or active «entangled matter» 
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Enhanced Oil-Recovery by means of nanofluids 

(Dept. of Petr. Eng. & Appl. Geophys. NTNU) 

 

 

 

Structural colours: Biomimetic etc 

(Dept. of Physics, NTNU) 

 

 

 

Pickering foams for new construction materials 

(Dept. of Physics, NTNU) 

 

 

 

 

 

Magnetic control of Pickering drops 

(Dept. of Physics, NTNU) 

 

+ nanoparticles 



Curiosity driven research 





 
 
 
 
 
 
 

Questions? 

Thank you for your attention! 


