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Active matter : collective behavior

Flock of birds

School of fish

Mammalian herd

Bacteria colony



Active matter : systems
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Wang, Duan, Ahmed, Mallouk, Sen, Nano Today (2013) 8, 531



Micromachines: Precise control at micro-nano scales

Doctor Who (2014)Fantastic Voyage (1966)

Science fiction already thought about it

True science is still working on it …

Di Leonardo et al., PNAS (2010) 107, 9541 Weinert and Braun, PRL (2008) 101, 168301



Active matter and micromachines
Challenges:

• Unravelling underlying mechanisms
• Precise control at micro-nanoscale:            
             microfluidics, microsurgery, drug delivery 
• Materials with novel properties
• Harvesting of waste energy / refrigeration



Phoresis = ‘migration’

(Physics)  particle drift due to a solvent gradient

• Electrophoresis 

• Magnetophoresis 

• Diffusiophoresis

• Thermophoresis 



What  do we mean by thermophoresis ?



Thermophoresis of colloids



Simulations of colloidal dispersions 



Solvent: Multiparticle collision dynamics (MPC, SRD)



MPC: Explicit mesoscopic solvent



Lüsebrink, Yang, Ripoll, J. Phys: Cond. Mat. (2017) 24, 284132

Thermophoresis of colloids with MPC: MD



Flow field by a drifting phoretic colloid



Thermophoretically active particles



Phoretic active colloid: propelled velocity



Phoretic active colloid: hydrodynamics



Large ensemble simulations :     HPC

Besides the swimmer, a huge amount of solvent particles is necessary

LAMMPS + own local code



Simulations of large ensembles of swimmers



Collective asymmetric thermophilic

• Aggregation process with 
opposite mechanism

• Reversible crystallization: 
dissolves with the heat source

• Phoresis diminishes hydrodynamics



Collective asymmetric thermophobic

• Hydrodynamic swarming:           
Planar assembly in oriented 
moving structures

• After some persistent motion the 
clusters collide and reassemble

Wagner, Ripoll, EPL (2017) 119, 66007



Collective asymmetric thermophilic
• Hydrodynamic swarming:                            

Planar assembly in oriented moving structures

Wagner, Ripoll, EPL (2017) 119, 66007



Thermophobic active colloids in a slit : quasi 2D

Planar swarming should convert 
into lateral chain formation

… preliminary results indicate that          
this is the case

       simulations still ongoing 



Anisotropic thermophoresis
 For spherical particles phoresis is well-defined 

 But how is it for elongated particles ?     It might vary with orientation 

Tan, Yang, Ripoll, Soft Matter (2017) 13, 7283

 There could be a force 
perpendicular to the gradient !!!



Microfluidic pump based in anisotropic thermophoresis

Tan, Yang, Ripoll, Preprint (2018) 
Patent application (2017)



Thermophoretic microturbine
 Anisotropic thermophoresis in a chiral structure 

 It also works with diffusiophoresis (chemical gradients)
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 This structure works in an external 
temperature gradient 

harvesting of waste energy



Phoretic micromotors



Phoretic microtors

PhilicPhobic
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Phoretic microfluidics: ratcheted structures

Yang, Ripoll, Soft Matter (2016) 12, 8564



Phoretic microfluidics: ratcheted structures

 These structures work in an external 
temperature gradient 

harvesting of waste energy
Yang, Ripoll, Soft Matter (2016) 12, 8564
Shen,Ye, Liu, Chen, Yang, Ripoll, J. Chem. Phys. (2016) 145, 124119



30

Funding & computing

Acknowledgments 

M. Yang Z. Tan 

S. Roca

F. SoleymaniA. Costanzo M. Wagner R. Li

S. Wagner G. GompperR. WinklerS. Wiegand

D. Lüsebrink



Thanks for your attention !
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Questions ?


