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1 Overviews

Authors: Wei Wang, Wentao Duan, Suzanne Ahmed, Thomas E. Mallouk, and
Ayusman Sen

Title: Small power: Autonomous nano- and micromotors propelled
by self-generated gradients

Reference: Nano Today 8, 531 (2013)
Summary: The most comprehensive and well-written overview of the mechanisms

that are used to achieve self-propulsion, with an easy look-up table for
papers that concern a particular mechanism.

Message: -
Methods: -

Authors: Geoffrey A. Ozin, Ian Manners, Sebasien Fournier-Bidoz, and Andre Ar-
senault

Title: Dream Nanomachines
Reference: Adv. Mater. 17, 3011 (2005)
Summary: Very general and easy to read introduction to some basic concepts in

self-propulsion and perspectives for future applications.
Message:
Methods:



2 Self-Propulsion Mechanism

2.1 Self-Diffusiophoresis

Authors: Stephen Ebbens, Mei-Hsien Tu, Jonathan R. Howse, and Ramin Golesta-
nian

Title: Size dependence of the propulsion velocity for catalytic Janus-
sphere swimmers

Reference: Phys. Rev. E 85, 020401(R) (2012)
Summary: Experimental studies of Pt-capped Janus sphere swimmers with a theo-

retical model for diffusiophoresis to compare to. This model includes a
Michaelis-Menten reaction scheme. Follow-up to previous work.

Message: Good agreement between experiments and theory in two regimes.
Methods: experimental classification and thin-slip layer diffusiophoretic model

Authors: Leonardo F. Valadares, Yu-Guo Tao, Nicole S. Zacharia, Vladimir Kitaev,
Fernando Galembeck, Raymond Kapral, and Geoffrey A. Ozin

Title: Catalytic Nanomotors: Self-Propelled Sphere Dimers
Reference: Small 6, 565 (2010)
Summary: Experimental study of diffusiophoretic sphere-dimer motor with compar-

ison to the MPCD-Kapral model as well as dimer-rotors. The interaction
with a substrate is also analyzed.

Message: dimer motors are synthesized.
Methods: MPCD simulations and Oseen-level theory



Authors: M.N. Propescu, S. Dietrich, M. Tasinkevych, and J. Ralston
Title: Phoretic motion of spheroidal particles due to self-generated

solute gradients
Reference: Eur. Phys. J. E 31, 351 (2010)
Summary: Theoretical study of chemophoretically driven anisotropic particles (el-

lipsoids with different patch sizes). The reaction is modeled as a flux
generation boundary condition. The phoretic velocity is studied as a
function of the parameters and an optimum is found.

Message: maximum velocity is attained for an almost spherical particle.
Methods: thin-layer slip model for hydrodynamics



2.2 Self-Osmosis

Authors: Nima Sharifi-Mood, Joel Koplik, and Charles Maldarelli
Title: Diffusiophoretic self-propulsion of colloids driven by a surface

reaction: The sub-micron particle regime for exponential and
van der Waals interactions

Reference: Phys. Fluids 25, 012001 (2013)
Summary: Theoretical modeling of diffusiophoretic self-propulsion of Janus spheres.

The model assumes fractional decomposition of the hydrodynamic
medium and derives conditions for the flux.

Message: good theoretical description of hydrodynamics self-diffusiophoretically
driven colloids.

Methods: finite-element solvers and analytic theoretical approach

Authors: Ubaldo M. Cordova-Figueroa and John F. Brady
Title: Osmotic Propulsion: The Osmotic Motor
Reference: Phys. Rev. Lett. 100, 158303 (2008)
Summary: Theoretical and simulation-based description of osmotic-pressure based

self-propelled particles, for various values of the Perclet number.
Message: osmotic propulsion based swimming and the design of novel microfluidic

pump.
Methods: non-continuum thin-slip theory and Brownian dynamics simulations



2.3 Self-Electrophoresis

Authors: Aidan T. Brown and Wilson C.K. Poon
Title: Ionic effects in self-propelled Pt-coated Janus swimmers
Reference: arXiv:1312.4130v2 (2013)
Summary: Experimental study aimed at clarifying the self-propulsion mecha-

nism of platinum-coated Janus particles. Presents evidence that self-
diffusiophoresis is subdominant to self-electrophoresis.

Message: electrophoresis not diffusiophoresis
Methods: TEM, experimental observations and theoretical considerations

Authors: Benedikt Sabass and Udo Seifert
Title: Nonlinear, electrocatalytic swimming in the presence of salt
Reference: J. Chem. Phys. 136, 214507 (2012)
Summary: Theoretical calculation of electrocatalytic swimming, including a Bulter-

Volmer reaction mechanism and Stern layer. The study also considers
the effects of added salt and a wide range of other parameters.

Message: extensive investigation of the electrocatalytic self-propulsion mechanism.
Methods: electro-hydrodynamic analytic theory



2.4 Thermophoresis

Authors: Mingcheng Yang, Adam Wysocki, and Marisol Ripoll
Title: Hydrodynamic simulations of self-phoretic microswimmers
Reference: arXiv:1403.0683v1 (2014)
Summary: Simulation study of electrophoresis and diffusiophoresis using the Kapral

method and MPCD for the hydrodynamics. Both hemispherical Janus
particles and Janus dimers are studied.

Message: the method works
Methods: MPCD

Authors: Larysa Baraban, Robert Streubel, Denys Makarov, Luyang Han, Dmitriy
Karnaushenko, Oliver G. Schmidt, and Gianaurelio Cuniberti

Title: Fuel-Free Locomotion of Janus Motors: Magnetically Induced
Thermophoresis

Reference: ACS Nano 7, 1360 (2013)
Summary: Synthesis and characterization paper on permalloy caped spheres that

heat up when subjected to an AC magnetic field and can be steered by
applying a homogeneous magnetic field on top of the AC field.

Message: successful synthesis and selective control
Methods: Light scattering



Authors: Ivo Buttinoni, Giovanni Volpe, Felix Kuemmel, Giorgio Volpe, and
Clemens Bechinger

Title: Active Brownian motion tunable by light
Reference: J. Phys.: Condens. Matter 24, 284129 (2012)
Summary: Experimental study of ‘thermophoretically’ driven self-propelled colloid

via thermally induced demixing of a water-lutadine mixture close to the
critical point.

Message: new way to generate self-propulsion
Methods: experimental classification



2.5 Bubble Propulsion

Authors: Daniela A. Wilson, Bart de Nijs, Alfons van Blaaderen, Roeland J.M.
Nolte, Jan C.M. van Hest

Title: Fuel Concentration Dependent Movement of Supramolecular
Catalytic Nanomotors

Reference: Nanoscale 5, 1315 (2013)
Summary: Further study of the stomatocyte swimmer, confirming its structure and

the fact that the nanoparticles are not fixed. It is also shown that two
distinct mechanisms of motion: self-diffusiophoresis and bubble motion
are present.

Message: two types of motion are observed as a function of the H2O2 concentration.
Methods: experimental (TEM/DLS/optical) classification

Authors: Alexander A. Solovev, Yongfeng Mei, Esteban Bermudez Urena, Gaoshan
Huang, and Oliver G. Schmidt

Title: Catalytic Microtubular Jet Engines SelfPropelled by Accumu-
lated Gas Bubbles

Reference: Small 5, 1688 (2009)
Summary: Experimental/Synthesis study of the fabrication of self-propelled micro-

jet particles, that move by ejecting gas bubbles in H2O2.
Message: creation of said objects and description of velocity
Methods: experimental classification



2.6 Stochastic Motion

Authors: R. Ledesma-Aguilar, H. Loewen, J.M. Yeomans
Title: A circle swimmer at low Reynolds number
Reference: Euro. Phys. J. E 35, 70 (2012)
Summary: Golestanian (three-bead) swimmer, but with a kink in the middle, which

allows for non-linear motion. Sample trajectories are calculated, includ-
ing some weird ones, and the flow field around the swimmer is studied.

Message: realization of simple stochastic circle swimmer.
Methods: Oseen tensor based theory

Authors: Ramin Golestanian and Armand Ajdari
Title: Stochastic low Reynolds number swimmers
Reference: J. Phys.: Condens. Matter 21, 201204 (2009)
Summary: Theoretical model of the hydrodynamic propulsion of a (three-bead)

stochastic swimmer. The performance of the motor is investigated as
a function of the location where the force is applied for the three-bead
swimmer.

Message: formulation for the study of stochastic swimmers
Methods: Oseen tensor based theory



2.7 Acoustic

Authors: Suzanne Ahmed, Wei Wang, Lamar O. Mair, Robert D. Fraleigh, Sixing
Li, Luz Angelica Castro, Mauricio Hoyos, Tony Jung Huang, and Thomas
E. Mallouk

Title: Steering Acoustically Propelled Nanowire Motors towards Cells
in a Biologically Compatible Environment Using Magnetic
Fields

Reference: Langmuir 29, 16113 (2013)
Summary: Experimental study of acoustically propelled nanorods. It is shown that

these rods can be steered using a magnetic field. Moreover, they can be
moved in a biological environment towards HeLa cancer cells.

Message: it is possible to suppress random motion and exercise fine motion control.
Methods: experimental classification techniques

Authors: Victor Garcia-Gradilla, Jahir Orozco, Sirilak Sattayasamitsathit, Fer-
nando Soto, Filiz Kuralay, Ashley Pourazary, Adlai Katzenberg, Wei
Gao, Yufeng Shen, and Joseph Wang

Title: Functionalized Ultrasound-Propelled Magnetically Guided
Nanomotors: Toward Practical Biomedical Applications

Reference: ACS Nano 7, 9232 (2013)
Summary: Fabrication and experimental study of functionalized acoustic nanomo-

tors that can be magnetically steered. These particles are studied in a
variety of biological environments and are used to pick up and transport
bacteria.

Message: demonstrated concept of guidance, cargo pickup and towing, as well as
sorting of biological targets using acoustic nanomotors.

Methods: experimental methods



2.8 Deformation

Authors: Mitsusuke Tarama, Andreas M. Menzel, Borge ten Hagen, Raphael Wit-
towksi, Takao Ohta, and Hartmut Loewen

Title: Dynamics of a deformable active particle under shear flow
Reference: J. Chem. Phys. 139, 104906 (2013)
Summary: Determining trajectories for deformable membrane particle in shear

flow. Classification of said trajectories into circular/periodic, and quasi-
periodic orbits, plus stability criteria.

Message: classification of orbits for active deformable particles under shear
Methods: coupled dynamic system, that is Langevin like.

Authors: Demi Dreyfus, Jean Baudry, Marcus L. Roper, Marc Fermigier, Howard
A. Stone, and Jerome Bibette

Title: Microscopic Artificial Swimmers
Reference: Nature 437, 862 (2005)
Summary: First synthesis of a bio-mimicking self-propelled swimmer that consists

of a blood-cell head on which a chain of magnetic nanobeads has been
grafted using DNA links. An external oscillatory magnetic field causes
swimming.

Message: creation of this particular swimmer
Methods: synthesis



2.9 Interface

Authors: D. L. Piet, A. V. Straube, A. Snezhko, and I.S. Aranson
Title: Viscosity Control of the Dynamic Self-Assembly in Ferromag-

netic Suspensions
Reference: Phys. Rev. Lett. 110, 198001 (2013)
Summary: Colloidal asters and moving colloidal snakes can be formed by applying

an oscillatory magnetic field to magnetic nanoparticles trapped at an
oil-water interface. The aster-to-snake transition is studied both experi-
mentally and theoretically.

Message: model, while limited, reproduces main structure of snakes and asters
Methods: experimental characterization + full nonlinear Navier Stokes theory

Authors: G. Lumay, N. Obara, F. Weyer and N. Vandewalle
Title: Self-Assembled magnetocapillary swimmers
Reference: Soft Matter 9, 2420 (2013)
Summary: Experimental study of clusters of ferromagnetic particles adsorbed to

an oil-water interface. These clusters can be made to deform using an
oscillatory magnetic field and swim. The number of beads and geometry
of the self-assembled clusters influence the are important parameters in
the self-propulsion.

Message: self-locomotion of interfacial self-assembled ferromagnetic beads.
Methods: experimental classification



2.10 Helical

Authors: Konstantin I. Morozov and Alexander M. Leshansky
Title: The chiral magnetic nanomotors
Reference: Nanoscale 6, 1580 (2014)
Summary: Theoretical study of the self-propulsion of magnetic helices that can self-

propel when a rotating magnetic field is applied, with a comparison to
experimental results.

Message: formulation of simple rules for self-propulsion of these particles
Methods: theoretical approach in the stokes approximation

Authors: Pietro Tierno, Ramin Golestanian, Ignacio Pagonabarraga, Francesc
Sagues

Title: Magnetically Actuated Colloidal Microswimmers
Reference: J. Phys. Chem. B 112, 16525 (2008)
Summary: Creation and characterization of colloidal doublets comprised of para-

magnetic colloids with two different diameters. They are also moved
around in a microfluidic environment.

Message: creation of simple self-propelled particle without shape modifications and
thermal fluctuations.

Methods: experimental classification



2.11 Other

Authors: Alexander Reinmueller, Hans Joachim Schoepe, and Thomas Palberg
Title: Self-Organized Cooperative Swimming at Low Reynolds Num-

bers
Reference: Langmuir 29, 1738 (2013)
Summary: Experimental study of a self-assembled dynamic complex of inert parti-

cles that form a swarm around a HCl releasing particle.
Message: new realization of ‘cooperative swimming’ at low Reynolds number
Methods: experimental classification

Authors: Andrej Vilfan
Title: Optimal Shapes of Surface Slip Driven Self-Propelled Mi-

croswimmers
Reference: Phys. Rev. Lett. 109, 128105 (2012)
Summary: Theoretical study of the optimal shape for self-propelled squirmers and

how this is related to the shape of bacteria.
Message: moderate curvature of a surface-propelled swimmer can increase its effi-

ciency by 20% w.r.t. of a sphere, and it is further increased by applying
protrusions along the symmetry axes.

Methods: Stokeslet based theoretical approximation



3 Single Particle Trajectories

Authors: Xu Zheng, Borge ten Hagen, Andreas Kaiser, Meiling Wu, Haihang Cui,
Zhanhua Silber-Li, and Hartmut Loewen

Title: Non-Gaussian statistics for the motion of self-propelled Janus
particles: experiment versus theory

Reference: Phys. Rev. E 88, 032304 (2013)
Summary: Comparison between theoretical predictions for the MSD of a self-

propelled particle and the experimentally measured values. In particular
the non-Gaussian character of the diffusiophoretic motion of Pt-silica is
analyzed using the kurtosis parameter.

Message: good correspondence between theory and experiments despite simplicity
of the model. Kurtosis is a useful tool to unravel the deterministic and
random components of the motion.

Methods: experimental classification and Langevin-based theory

Authors: Felix Koemmel, Borge ten Hagen, Raphael Wittkowski, Ivo Buttinoni,
Giovanni Volpe, Hartmut Loewen, and Clemens Bechinger

Title: Circular motion of asymmetric self-propelling particles
Reference: Phys. Rev. Lett. 110, 198302 (2013)
Summary: Experimental and theoretical study of circular motion of L-shaped chi-

ral swimmers that propel via mixing-demixing thermophoretes and their
interaction with a substrate.

Message: circular motion is found for this system.
Methods: experimental classification (visual) and Langevin dynamics

Authors: Snigdha Thakur, Jiang-Xing Chen, and Raymond Kapral
Title: Interaction of a Chemically Propelled Nanomotor with a Chem-

ical Wave
Reference: Angew. Chem. Int. Ed. 50, 10165 (2011)
Summary: Using hybrid MPCD and MD simulations the effects of a chemical wave

front (of an autocatalytic reaction that creates more fuel) are studied on
the self-propulsion of a catalytic nanodimer.

Message: a dimer motor can be reflected by the wave, i.e., its propulsion direction
drastically altered.

Methods: MPCD and MD



Authors: B. ten Hagen, S. van Teeffelen, and H. Loewen
Title: Brownian motion of a self-propelled particle
Reference: J. Phys.: Condens. Matter 23, 194119 (2011)
Summary: Theoretical study of anisotropic self-propelled particles with various lev-

els of fixed degrees of freedom.
Message: obtained long-time diffusion constants for various models, which can be

used for comparison.
Methods: Langevin dynamics

Authors: Sven van Teeffelen and Hartmut Loewen
Title: Dynamics of a Brownian circle swimmer
Reference: Phys. Rev. E 78, 020101(R) (2008)
Summary: Langevin dynamics study of a simple circle swimmer model. The dynam-

ics are studied with gravity and in a slit geometry.
Message: in a channel geometry an efficient stable sliding mode was identified
Methods: non-Hamiltonian rate theory and LD computer simulations



4 Pair Interactions

Authors: John. J. Molina, Yasuya Nakayama, and Ryoichi Yamamoto
Title: Hydrodynamic interactions of self-propelled swimmers
Reference: Soft Matter 9, 4923 (2013)
Summary: Stresslet-based numerical simulations of squirmers.
Message: Diffusive behavior is governed both by hydrodynamic interactions and by

particle-particle collisions, leading to two time scales and two diffusion
coefficients.

Methods: smoothed profile method

Authors: A. Najafi and R. Golestanian
Title: Coherent hydrodynamic coupling for stochastic swimmers
Reference: Eur. Phys. Lett. 90, 68003 (2010)
Summary: Theoretical study of a hydrodynamically coupled three-bead swimmer

and two bead ‘swimmer’.
Message: active system can ‘hunt’ non-swimming system by tuning coupling
Methods: Oseen tensor based theory



5 Cargo Transport

Authors: Jeremie Palacci, Stefano Sacanna, Adrian Vatchinsky, Paul M. Chaikin,
and David J. Pine

Title: Photo-Activated Colloidal Dockers for Cargo Transportation
Reference: J. Am. Chem. Soc. 135, 15978 (2013)
Summary: Experimental study of hematite peanuts, which can decompose H2O2

under illumination. These peanuts can dock to polystyrene beads and the
compound becomes a self-propelled particle, which may also be steered.

Message: hematite peanuts can be used as colloidal cargo transporters.
Methods: experimental techniques

Authors: L. Baraban, M. Tasinkevych, M.N. Propescu, S. Sanchez, S. Dietrich,
and O.G. Schmidt

Title: Transport of cargo by catalytic Janus micro-motors
Reference: Soft Matter 8, 48 (2012)
Summary: Experimental observation of particle/motor aggregates that move by de-

composing H2O2. The study also argues using theoretical results that a
purely translating aggregate (non rotating) is unstable.

Message: understand qualitatively the systematic rotations observed in aggregates;
ridged links are necessary to avoid rotations.

Methods: experimental techniques and diffusiophoretic theory.



6 Gravitaxis

Authors: Zhengjia Wang, Hsuan-Yi Chen, Yu-Jane Sheng, and Heng-Kwong Tsao
Title: Diffusion, Sedimentation Equilibrium, and Harmonic Trapping

of Run-and-Tumble nanoswimmers
Reference: Soft Matter AA (2014)
Summary: Simulation paper studying the MSD, and sedimentation of self-propelled

run-and-tumble particles.
Message: with a hypothetical interaction between active and fluid beads DPD can

be an efficient method of modeling the dynamics of active particles.
Methods: DPD simulations

Authors: Katrin Wolff, Aljoscha M. Hahn, Holger Stark
Title: Sedimentation and polar order of active bottom-heavy particles
Reference: Eur. Phys. J. E 36, 43 (2013)
Summary: Simulation study of active particles which feel a torque agains a gravita-

tional field. The simulations are backed by a multipole-expanded theory.
Message: for large gravity the sedimentation length is increased, for large swimming

speed, the sedimentation profile is inverted.
Methods: multipole expansion theory with hydrodynamics and Brownian dynamics

simulations



7 Stirring and Mixing

Authors: Dmitri O. Pushkin and Julia M. Yeomans
Title: Stirring by swimmers in confined microenvironments
Reference: arXiv:1403.2619v1 (2014)
Summary: Theoretical and simulation follow-up study of their previous work on how

the flow field around swimmers effect the diffusion of tracer particles in
a fluid. This study considers in more depth the effect of finite run length
and run-and-tumble motion of particles, in finite systems.

Message: Finite system size reduces the run-and-tumble contribution to the tracer
diffusion.

Methods: analytic (Oseen-tensor) Methods and numerical simulations.

Authors: Alexander Morozov and Davide Marenduzzo
Title: Enhanced diffusion of tracer particles in dilute bacterial sus-

pensions
Reference: arXiv:1308.3387 (2013)
Summary: Theory and simulations of the enhancement of diffusion of tracer particles

in a bath of bacteria.
Message: prediction of an effective diffusion coefficient of tracers in a bacterial

bath.
Methods: kinetic theory for squirmers and MD point-dipole simulations



8 Interaction with Boundaries

8.1 Interaction with Walls and Objects

Authors: Henry Shum, Anurag Tripathi, Julia M. Yeomans, and Anna C. Balazs
Title: Active Ciliated Surfaces Expel Model Swimmers
Reference: Langmuir 29, 12770 (2013)
Summary: Lattice-Boltzmann simulations of a cilia coated surface with which

Golestanian-type swimmers interact. The persistence time of the swim-
mers near the surface is investigated as a function of the flow along the
surface and the type of fluid movement the cilia produce.

Message: both net flow and steric interactions of cilia are important to the expul-
sion of micro organisms.

Methods: LB simulations

Authors: Felix Koemmel, Borge ten Hagen, Raphael Wittkowski, Ivo Buttinoni,
Giovanni Volpe, Hartmut Loewen, and Clemens Bechinger

Title: Circular motion of asymmetric self-propelling particles
Reference: Phys. Rev. Lett. 110, 198302 (2013)
Summary: Experimental and theoretical study of circular motion of L-shaped chi-

ral swimmers that propel via mixing-demixing thermophoresis and their
interaction with a substrate.

Message: circular motion is found for this system.
Methods: experimental classification (visual) and Langevin dynamics

Authors: Sven van Teeffelen, Urs Zimmermann, and Hartmut Loewen
Title: Clockwise-directional circle swimmer moves counter-clockwise

in Petri dish- and ring-like confinements
Reference: Soft Matter 5, 4510 (2009)
Summary: Analytic study of the motion of a Brownian circle swimmer in 2D ring

and toroid like confinements.
Message: although the circle swimmer has a built-in orientational sense of mo-

tion, interaction with a circular confinement can invert the orientation of
motion.

Methods: Brownian dynamics



Authors: H.H. Wensink and H. Loewen
Title: Aggregation of self-propelled colloidal rods near confining walls
Reference: Phys. Rev. E 78 031409 (2008)
Summary: Simulation and theory study of 2D rods confined in a micro channel.
Message: rods cluster in hedgehog like geometries
Methods: Brownian dynamics and density functional theory



8.2 Interaction with Ratchets

Authors: Berdakin, Y. Jeyaram, V.V. Moshchalkov, L. Venken, S. Dierckx, S.J.
Vanderleydern, A.V. Silhanek, C.A. Condat, and V.I. Marconi

Title: Influence of swimming strategy on microorganism separation
by asymmetric obstacles

Reference: Phys. Rev. E 87, 052702 (2013)
Summary: Simulation study of the rectification of biological swimmers in ratchet

geometries.
Message: extended previous model by including properties such as, distribution of

run-lengths, rotational diffusion, and directional persistence.
Methods: run-and-tumble MD

Authors: Mite Mijalkov and Giovanni Volpe
Title: Sorting of Chiral Microswimmers
Reference: Soft Matter 9, 6376 (2013)
Summary: Numerical simulation study of the storting of chiral microswimmers using

a chiral environment in 2D geometries.
Message: both sorting on the basis of chirality and angular velocity are relatively

simple.
Methods: Langevin dynamics



8.3 Interaction with Traps and Potentials

Authors: Daisuke Takagi, Jeremie Palacci, Adam B. Braunschweig, Micheal J.
Shelley, and Jun Zhang

Title: Hydrodynamic capture of microswimmers into sphere-bound
orbits

Reference: Soft Matter 10, 1784 (2014)
Summary: Experimental study of self-propelled Au-Pt rods that move in circular

orbits around imobilized large spherical particles at a substrate, with a
theoretical model for the capture.

Message: hydrodynamic interactions good candidate for the observed behavior.
Methods: experimental classification and lubrication theory

Authors: Kaiser, K. Popowa, H.H. Wensink, and H. Loewen
Title: Capturing self-propelled particles in a moving microwedge
Reference: Phys. Rev. E 88, 022311 (2013)
Summary: Simulation study of self-propelled rods that interact with a moving micro

wedge in a 2D environment. The wedge’s trapping ability is studied as
a function of the opening angle and the active velocity compared to the
trap’s velocity. Analytic results are also presented.

Message: demonstrated crucial role of apex angle and drag velocity of trap.
Methods: Langevin dynamics



9 Collective Behavior

9.1 Bulk Properties

Authors: Ignacio Pagonabarraga and Isaac Llopis
Title: The structure and rheology of sheared model swimmer suspen-

sions
Reference: Soft Matter 9, 7174 (2013)
Summary: Simulation study of the effect of self-propulsion on the viscous properties

of a suspension of active particles. .
Message: self-propulsion can decrease the viscosity of a suspension. Depending on

the type of self-propulsion sheer-thickening and sheer-thinning may be
obtained.

Methods: hydrodynamic squirmer simulations

Authors: S.A. Mallory, A. Saric, C. Valeriani, and A. Cacciuto
Title: Anomalous Thermomechanical Properties of Self-propelled

Colloidal Fluid
Reference: arXiv:1310.0826v1 (2013)
Summary: Simulation study of the equation of state of self-propelled nanoparti-

cles. The relevance of excluded-volume interactions, temperature, con-
finement, concentration and propulsion strength are considered. Effective
force between two plates is calculated.

Message: self-propulsion leads to anomalous thermomechanical properties.
Methods: LAMMPS Langevin dynamics (active ideal gas)



9.2 Glass Transition

Authors: Ran Ni, Martien A. Cohen Stuart, and Marjolein Dijkstra
Title: Pushing the glass transition toward random close packing using

self-propelled hard spheres
Reference: Nat. Commun. 4, 2704 (2013)
Summary: Simulation study of the glass transition for self-propelled particles.
Message: self-propulsion allows for a shifting of the glass transition towards the

random close packing value
Methods: event-driven Brownian dynamics

Authors: Ran Ni, Martien A. Cohen Stuart, Marjolein Dijkstra, and Peter G.
Bolhuis

Title: Crystallizing hard-sphere glasses by doping with active particles
Reference: arXiv:1310.7490 (2013)
Summary: Simulation study of the crystallization of glasses using self-propelled par-

ticles.
Message: self-propulsion allows for rapid crystallization of colloidal glasses, even

when the doping with active particles is small.
Methods: event-driven Brownian dynamics



9.3 Waves and Alignment

Authors: Jack A. Cohen and Ramin Golestanian
Title: Emergent Cometlike Swarming of Optically Driven Thermally

Active Colloids
Reference: Phys. Rev. Lett 112, 068302 (2014)
Summary: Simulation study of the way that self-propelled particles move that are

powered by incoming light and screen light coming in from each other.
Message: when the colloids have negative Soret coefficient they can self-organize

into a comet like swarm.
Methods: Brownian dynamics simulations

Authors: Sadato Yamnaka and Takao Ohta
Title: Formation and collision of traveling bands in interacting de-

formable self-propelled particles
Reference: Phys. Rev. E 89, 012918 (2014)
Summary: Numerical simulations of deformable self-propelled particles show the

emergence of traveling bands that are similar to those found in the Vicsek-
type models.

Message: traveling bands observed in system, which are robust upon head-on col-
lision

Methods: numerical integration of equations of motion



9.4 Mixing and Demixing

Authors: Enys Mones, Czirok Andras, and Tamas Vicsek
Title: Anomalous segregation dynamics of self-propelled particles
Reference: arXiv:1401.0951v2 (2014)
Summary: Simulation study of the segregation of binary mixtures of self-propelled

particles which have different motilities. These results are compared with
simple noise-driven particles.

Message: self-propelled systems can coarsen substantially faster than Cahn-Hilliard
behavior.

Methods: Langevin-type dynamics

Authors: H.H. Wensink, V. Kantsler, R.E. Goldstein, and J. Dunkel
Title: Controlling active self-assembly through broken particle sym-

metries
Reference: Phys. Rev. E 89, 010302(R) (2014)
Summary: 2D simulation study of collective motion in mixtures of sperm and anti-

sperm, reavealing self-sustained demixing into anisotropic clusters. Also,
rotating crescent shapes can demix into rotating structures.

Message: subtle variations in symmetry between swimmers can have tremendous
impact on the collective behavior of self-propelled particles at a substrate.

Methods: Langevin dynamics



9.5 Two-Dimensional Phase Transitions

Authors: Gabriel S. Redner, Aparna Baskaran, and Micael F. Hagan
Title: Reentrant Phase Behavior in Active Colloids with Attraction
Reference: Phys. Rev. E 88, 012305 (2013)
Summary: 2D simulation study of the phase separation of self-propelled colloids with

attractive interactions. A simple kinetic model to clarify the observations
is given.

Message: reentrant phase behavior is found, with phase-separated states existing
in both the low- and high-density regimes.

Methods: Langevin Dynamics

Authors: Julian Bialke, Hartmut Loewen, and Thomas Speck
Title: Microscopic theory for the phase separation of self-propelled

disks
Reference: Euro. Phys. Lett. 103, 30008 (2013)
Summary: Analytic and numerical study of the phase separation of self-propelled

particles that do not have an intrinsic alignment interaction.
Message: the dynamical instability below the freezing line drives the system away

from equilibrium and cannot be modeled using an effective attraction, the
implication is an effective swimming speed that is density dependent.

Methods: Brownian dynamics simulations and derivation using Smoluchowski time-
evolution equation



9.6 Three-Dimensional Phase Transitions

Authors: Joakim Stenhammar, Davide Marenduzzo, Rosalind J. Allen, and
Micheal E. Cates

Title: Phase behaviour of active Brownian particles: The role of di-
mensionality

Reference: Soft Matter 10, 1489 (2014)
Summary: Simulation study of activity-induced phase separation in 3D with com-

parison to 2D results, with a staggering 40M ABPs.
Message: while the 2D and 3D mechanisms of active phase separation are very

similar, there are also difference, in particular, with respect to the shape
of the domains and the role of thermal noise.

Methods: Brownian dynamics simulations

Authors: Adam Sysocki, Roland G. Winkler, and Gerhard Gompper
Title: Cooperative Motion of Active Brownian Spheres in Three-

Dimensional Dense Suspensions
Reference: Eur. Phys. Lett. 105, 48004 (2014)
Summary: Simulation investigation of the structural and dynamic properties of a

suspension of self-propelled Brownian particles. A tentative phase dia-
gram of the suspension is determined as a function of Perclet number
and the density.

Message: collective spacial heterogeneities observed, with possible cause spacial
sorting of particles with similar orientation at fluid interface.

Methods: Langevin-type dynamics



9.7 Other

Authors: M. Tarama, Y. Itino, A.M. Menzel, and T. Ohta
Title: Individual and collective dynamics of self-propelled soft-

particles
Reference: arXiv:1309.5438 (2013)
Summary: Simulation (overview) of the single and collective dynamics in systems of

deformable self-propelled particles.
Message: the observations indicate a wealth in hierarchy for the formation of struc-

tures.
Methods: numerical integration of equations of motion

Authors: Snigdah Thakur and Raymond Karpal
Title: Collective dynamics of self-propelled sphere-dimer motors
Reference: Phys. Rev. E 85, 026121 (2012)
Summary: Simulation study of the (limited) collective behavior of the Kapral sphere

dimers. Only about 20 dimers are simulated and ’swarming of transient
self-assembled clusters of motors’ is observed.

Message: self-assembled structures are caused by chemical gradients, which domi-
nate over hydrodynamics

Methods: MPCD



9.8 Granular Matter

Authors: Nitin Kumar, Harsh Soni, Sriram Ramaswamy, and A.K. Sood
Title: Flocking at a distance in active granular matter
Reference: arXiv:1402.4262v1 (2014)
Summary: Experimental study that shows that polar rods that are made ’active’ on

a vibrating surface communicate their direction and orientation through
a medium of non-motile beads. The results are compared to simulations.

Message: aligning interaction between rods can be tuned by changing the concen-
tration of inert beads

Methods: experimental classification and MD simulations

Authors: Julien Deseigne, Oliver Dauchot, and Hugues Chate
Title: Collective Motion of Vibrated Polar Disks
Reference: Phys. Rev. Lett. 105, 098001 (2010)
Summary: Experimental study of a monolayer of vibrated disks with built-in polar

asymmetry in a confined geometry.
Message: particles exhibit collective motion and giant number fluctuations with

scaling that is consistent with that of polar active phases
Methods: experimental classification


