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Schooling Fish 
www.youtube.com/watch?v=Px81Y0e0icg

Integr. Biol., 2015100 µm

Linda Turner, Howard Berg, Rowland Inst Harvard

5 µm

100.000 µm

Swimming at different scales

Enzymes, 
Nanoparticles

5 nm



https://www.real-world-physics-problems.com/physics-of-swimming.html

1) ‘swimming’: move in liquid by deforming its body in a periodic way

2) forces are balanced



Reynolds number



Viscosity,

water
syrup

(sugar solution)

https://www.youtube.com/watch?v=2Gdxu4XcsbY





physicist‘s scallop

…A-B-A-B-A-B-A….

reciprocal motion

symmetric under time-reversal symmetry

can this swim at micro-scale?



Newtonian fluid
(silicone oil)

0769-d 

Re= 0.03      scallop theorem



Chemical motors, chemical active matter 

Microswimmers without body shape changes



colloids
1 µm

Colloids – Brownian motion

How to make them active: 
Chemical nanomotors

• needs an engine
• need to break 

symmetry



“Janus” Particle as chemical motor

S. J. Ebbens and J. R. Howse, Langmuir 2011, 27, 12293–12296
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symmetry-broken
two-faced Janus particle





2 µm

TiO2-SiO2 Janus particles (1.5 µm diameter)

Catalytic-side 
(Pt,TiO2,..)

Other side (PS,SiO2)

Janus particles

Dhruv Singh



U

• At low Reynolds number
• No pressure along direction of flow
• Fluid does not push particle

Self-phoretic

Self-diffusiophoretic colloid

„Chemical motor“



Integrate along z in zones z<λ to z> λ

Differentiate to be able to substitute in (2)

(1)

(2)

gives

Need to integrate twice along z for flow speed, 
depending on form of potential

Diffusio-osmotic flow speed





osmosis

phoresis



Diffusio-osmotic flow speed

Particle moves with speed U in the opposite direction to the integrated diffusio-osmotic flow



“Janus” Particle as chemical motor

S. J. Ebbens and J. R. Howse, Langmuir 2011, 27, 12293–12296

H2O2 H2O

O2
2H2O2 2H2O + O2



Chemotaxis



Active Brownian particles – current research:
active enzyme-powered 

nanocarriers

enzymatic 
reactions

?

as active matter

www.youtube.com/watch?v=QOGCSBh3kmM



Collective effects



activity & hydrodynamics
Chem. Comm. 54, 11933 (2018)

Demonstration of spontaneous symmetry breaking in reactive colloids

• white colloids not reactive

• on surface of dark a chemical reaction takes place

• dark colloids create a chemical field

• concentration gradient that attracts the white colloids)

• together they form a structure that is no longer
symmetric and can propel



• TiO2-SiO2 Janus particles (1.5 µm) + SiO2 particles (1.5 µm)   
• 7 pH solution (1.5 % H2O2)

TiO2SiO2

Active particles

SiO2

Plain silica particles

Surface fraction 0.4%

Surface fraction 8%

Active TiO2 with SiO2 Colloids

Adv. Mat. 29, 1701328 (2017)



• Microparticles

• Chemical reactions

• Hydrodynamics, concentration fields

Colloidal particle with catalyst
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